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ABSTRACT 
This thos.is i s concerned with the investigation of disease patterns 
at the intermediate or regional l e v e l , i n r e l a t i o n to the e x i s t i n g frame-
work provided by a number of recent surveys of disease mortality at the 
national scale. The l a t t e r had drawn attention to the p a r t i c u l a r l y poor 
disease experience of County Durham i n r e l a t i o n to the r e s t of the United 
Kingdom. A number of previously unmapped data sources, p a r t i c u l a r l y i n 
the case of morbidity, are investigated with the aid of some or i g i n a l 
cartographio devices and data handling techniques, which are described 
i n chapters two, three and eight. 
Chapter four i s concerned with a geographical analysis of three 
consecutive epidemic cycles of measles during the period 1961-6?. The 
epidemiological significance of l i v i n g density i n the determination of 
diffusion patterns i s demonstrated, and atmospheric pollution i s invoked 
as a possible a e t i o l o g i c a l factor i n the i n i t i a t i o n of. epidemicity. 
Chapter f i v e deals with a si m i l a r detailed study of the geographical 
dis t r i b u t i o n of -tuberculosis, and p a r t i c u l a r l y the respiratory form of 
the disease, i n County Durham as a whole. The influence of density factors 
( p a r t i c u l a r l y overcrowding) socio-economic status and housing conditions 
upon the disease pattern i s investigated by means of multiple regression 
techniques. Chapter s i x provides a more detailed study of the rela t i o n s h i p 
between housing and respiratory tuberculosis for three selected l o c a l 
authorities i n south-central Tyneside. Chapter seven represents a by-product 
from the main l i n e s of inquiry, and i s concerned with the possible involve-
ment of iron ore dust as an ae t i o l o g i c a l factor i n the causation of cer t a i n 
i l l - d e f i n e d stomach disorders at Co.nsett during the winter of 196/1.-65. 
Section I I I concludes the study with a preliminary survey of 
mortality patterns in County Durham, between 1963-6?, for the major onuses 
of death. A number of-tentative conclusions are drawn from those d i s t r i -
bution maps, but only where the evidence appears to bo consistent with 
accepted medical theory. 
I t should be noted that two popers embodying the p a r t i a l r e s u l t s 
of t h i s investigation, and i n p a r t i c u l a r chapters two and nine, have 
already been published. 
To 
Reginald Alec Young 
(1892-1963) 
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BIBLIOGRAPHIC NOTE 
Where quotations or material are drawn from recognised 
sources, the name of the author or source, together with the year 
of publication, i s cit e d i n the text - e.g. (Stamp 1964). Where 
appropriate, the exact pagination i s also indicated i n the text 
thus - (Stamp 1964:115). A consolidated l i s t of references 
appears at the end of each chapter. 
S E C T I O N I 
AIMS AND METHODS 
"He who, whether by original observations, or by legitimate 
deduction drawn from the observations of others, shows the ident i t y 
of, or points out an analogy between disorders hitherto commonly 
thought to be d i s t i n c t and d i s s i m i l a r complaints, by so f a r as he 
accomplishes t h i s does ho a s s i s t i n simplifying medicine, and con-
sequently, contributes towards i t s advancement, t h e o r e t i c a l l y as 
well as p r a c t i c a l l y . " _ 
George Todd (1855) 
Trans. Epid. Soc. London p.82 
Chapter 1 
Introduction 
1 .1 . Introductory remarks 
The mapping of disease and the subsequent analysis and interpre-
tation of the resultant patterns i s a fundamental yet surprisingly 
neglected application of the geographer's c r a f t . "The whole f i e l d i s 
wide open but the d i f f i c u l t y i s to know where to begin," (Banks, 
1959s206). The breadth and complexity of the subject matter, and the 
inherent d i f f i c u l t i e s of obtaining, processing and analysing the 
medical s t a t i s t i c s cannot be denied. However, the geographer, by 
virtue of his basic t r a i n i n g , i s w e l l equipped to tackle t h i s type of 
investigation, i n which "strands must be drawn from a d i v e r s i t y of 
sources to provide an overall synthesis" (Learmonth, 1961:19). I d e a l l y , 
the geographer should be j u s t one member of an i n t e r d i s c i p l i n a r y research 
team, which directs i t s attention towards the solution of s p e c i f i c 
medical problems. I n practice t h i s i s r a r e l y possible, and as a r e s u l t 
the geographer has so f a r been forced into a position i n which he i s 
primarily concerned with the production of disease maps per se; the 
subsequent analysis and interpretation of the patterns being l e f t almost 
exclusively to medical practitioners. As Stamp comments, "medical men 
with the r e q u i s i t e t r a i n i n g and s k i l l are r a r e . On the other hand, geo-
graphers with cartographic t r a i n i n g and s k i l l have r a r e l y the medical 
knowledge to handle the data available" (Stamp 1964s l4) . However, with 
the increasing application of new and more sophisticated geographical 
techniques, i t i s proving possible, indeed almost obligatory, for the 
geographer to penetrate more deeply into the disease patterns he has 
derived; to compare these with the d i s t r i b u t i o n of other known variables, 
and then to suggest what appear to be reasonable hypotheses on the basis 
w r a p 
3 
of the evidence before him. In t h i s way, more conventional and 
sophisticated medical enquiry i s able to u t i l i s e available resources 
more e f f i c i e n t l y , by focussing i t s attention on the more s t r i k i n g 
anomalies suggested by the disease maps. I t i s also possible f o r the 
medical research worker to compare his own findings with the results 
obtained by a completely d i f f e r e n t and independent l i n e of enquiry. 
Although a number of h i s t o r i c a l references are introduced i n 
sections dealing with specific disease categories, i t i s not the 
purpose of the study to present a comprehensive review of major studies 
i n medical geography. Nevertheless, i t i s perhaps worth noting here a 
l i m i t e d selection of sources which proved t o be p a r t i c u l a r l y valuable 
during the i n i t i a l stages of the research programme. 
A most useful summary of the h i s t o r i c a l evolution of medical 
geography i 3 contained i n Howe's "National atlas of disease m o r t a l i t y 
i n the United Kingdom" (Howe, 1963 & 1970). A similar b i b l i o g r a p h i c a l 
review of s t a t i s t i c a l aspects of the subject was undertaken by S s r f l i n g 
(1952) i n his " H i s t o r i c a l review of epidemic theory". I n addition, the 
B . L i t t . thesis by Paula Cook (1963) e n t i t l e d "The geography of human 
disease" provides not only a glossary of major terms, but also an out-
l i n e of the more important s t a t i s t i c a l techniques which are available 
to the geographer. Of a more general nature, Gale's (1959) "Epidemic 
diseases", and Clark-Kennedy's (1957) "Human disease" were found t o be 
extremely useful as introductory texts to a t o t a l l y unfamiliar f i e l d . 
At f i r s t sight the study of medical geography might be regarded 
as a peripheral and rather specialised area of geographical a c t i v i t y 
and concern, dealing as i t does with an immense d i v e r s i t y of knowledge. 
Indeed, "no class of geographical factors has been shown t o be without 
influence on the disease pattern." (Banks 1959*215) However, i f one 
regards the study of geography as being concerned with 'human ecology' 
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i n i t s broadest sense, then the study of the sp a t i a l d i s t r i b u t i o n of 
disease emerges as an important core element i n the overall d i s c i p l i n e , 
since i t constitutes an extremely s i g n i f i c a n t contact zone between man 
and environment. Viewed i n t h i s way, health may be regarded as an 
approach to a state of t o t a l adjustment of man to environment, while 
i l l - h e a l t h or disease springs from a maladjustment or imbalance i n t h i s 
relationship. Unfortunately, the d e f i n i t i o n of good health (or 'well-
being', the term used by TC.H.O.) proves extremely d i f f i c u l t to define 
i n concrete terms, since such a state i s not automatically achieved as 
a r e s u l t of an apparent absence of c l i n i c a l manifestations of disease. 
As a result i t i s usually necessary to adopt a rather i n d i r e c t approach -
v i z . the investigation of disease, or the deviations from good health -
i n order to assess the r e l a t i v e health of the population under considera-
t i o n . 
I t i s perhaps misleading to ref e r to disease i n gentral, since the 
term embraces a multitude of types and conditions, ranging i n severity 
from the t r i v i a l t o the ultimate of death. "Diseases manifest multiple 
personalities j u s t as do l i v i n g creatures and social i n s t i t u t i o n s . The 
various moods which they display i n d i f f e r e n t circumstances and at any 
given time r e f l e c t the dominant aspect of the relationship between the 
disease process and the l i f e of man i n society" (Dubos and Dubos, 1953). 
Consequently, each category of disease should be regarded as presenting 
an e n t i r e l y d i f f e r e n t problem, often demanding a completely new approach 
and the application of a t o t a l l y d i f f e r e n t set of techniques. I n each 
case, the geographer must be ready f o r the unexpected, and must be pre-
pared to adapt his l i n e of approach accordingly. Preconception should 
not be allov/ed to preclude the improbable. 
1.2. Mortality 
Thus f a r studies i n medical geography have tended to concentrate 
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upon the mapping of mortality s t a t i s t i c s . Death i s n f i n i t e event which 
can be established both i n time and space, and as such i t i s only very 
rarely l i k e l y to go unnoticed or unrecorded. I n England & Wales, death 
r e g i s t r a t i o n has been l e g a l l y required since 1875, although i n practice 
m o r t a l i t y records are available f o r most areas of the country long 
before that date. Despite the u n i v e r s a l i t y of death r e g i s t r a t i o n , 
there are a number of important l i m i t a t i o n s which must be borne i n mind 
during subsequent analysis. The most s i g n i f i c a n t of these are b r i e f l y 
discussed below. 
F i r s t l y , death rarely results from a single cause, although f o r 
the purposes of r e g i s t r a t i o n only one cause of death may be recorded. 
I n a study i n the United States of America, Krueger (1966) found that 
i n of a l l m o r t a l i t y records two or more causes of death were 
mentioned on the death c e r t i f i c a t e . For individuals aged 85 or over the 
figure rose to 72?S. I n many cases i t i s extremely d i f f i c u l t to d i s t i n -
guish between the primary cause of death (which w i l l be used i n the 
compilation of m o r t a l i t y s t a t i s t i c s ) and the secondary cause.(s). "Death 
due to pneumonia, fo r example, may be the coup de grace that occurs at 
the terminal end of the b i o l o g i c a l gradient but may mask the basic cause 
of m o r t a l i t y " (Banta and Fonaroff 1969:89). • 
Secondly, a severe source of error can be introduced as a resul t 
of incorrect diagnosis of the cause of death. Quite obviously t h i s w i l l 
i nevitably depend to a large extent on the diagnostic expertise of the 
medical practitioners involved. A recent study by Heasman and Lipworth 
(1966) demonstrated the dis p a r i t y between i n i t i a l c l i n i c a l diagnosis of 
cause of death, and that subsequently established by detailed pathological 
examination. I n only 45.3$ of cases (out of a t o t a l sample of 10,000 
deaths) was agreement found between the i n i t i a l and subsequent diagnoses. 
I t was discovered that tuberculosis, lung cancer, bronchitis and cancel' 
of the l i v e r were under-e'liagnosed for t h i s reason, while cancer of 
the stomach, diabetes and cerebral haemorrhage were over-represented. 
A t h i r d , although less s i g n i f i c a n t , souz*ce of error is introduced 
into the data through deliberate misregistration of the true cause of 
death by general practitioners. This may occur as a res u l t of pressure 
from the family of the deceased wishing to suppress or conceal the 
fact that death resulted from a disease which i s disapproved of by 
society at large - e.g. syphilis or alcoholism. A l t e r n a t i v e l y , the 
doctor may record a 'convenient' cause of death, such as cancer of the 
stomach, instead of the 'true' or suspected cause which may prove con-
siderably more d i f f i c u l t to diagnose - f o r example cancer of the spine. 
The l a t t e r diagnosis might w e l l involve the doctor i n the added compli-
cation and trouble of arranging an o f f i c i a l autopsy. 
Fourthly, the place of death may not necessarily correspond with 
the normal place of residence. Indeed, i n a world of increasing mobility 
i t i s becoming progressively more d i f f i c u l t t o relate the death location 
to the area i n which the individual l i v e d f o r the greater part of his 
l i f e . For example, a Sheffield steelworker moving to the south coast of 
England upon retirement,and dying a short while l a t e r of bronchitis, i s 
thereby creating an anomaly i n the overall pattern of disease, since his 
death must inevitably be regarded as a manifestation of p a r t i c u l a r 
a e t i o l o g i c a l factors which are not represented i n the place of death. 
I n the same way, the increasing diurnal migration of population, 
generated as a result of journey to work, makes i t even more d i f f i c u l t 
to investigate precise relationships between disease and environment 
i n terms of m o r t a l i t y experience e Furthermore, i n the case of some 
chronic and degenerative diseases, death may occur perhaps twenty or 
t h i r t y years a f t e r the i n i t i a l onset of the disease. During that time, 
the particular environmental circumstances responsible f o r e l i c i t i n g 
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the i n i t i a l symptoms of disease - e.g. bad housing conditions, poor 
n u t r i t i o n a l standards or a i r p o l l u t i o n levels - may have been e n t i r e l y 
erased from the landscape or society. For t h i s reason i t i s important 
to keep i n mind certain h i s t o r i c a l perspectives when attempting to 
analyse more recent m o r t a l i t y patterns. 
Since 195 2 deaths occurring i n hospitals have been re-assigned to 
the place of normal residence of the patient. Since 1957 deaths 
occurring i n other i n s t i t u t i o n s such as old people's homes have been 
s i m i l a r l y re-assigned, provided that the deceased has not been continu-
ously resident i n the i n s t i t u t i o n f o r more than s i x months p r i o r t o 
death (Hewitt 1956). This has had the effect of reducing the substantial 
over-registration of m o r t a l i t y i n the urban areas, where most hospitals 
are located. 
The present manual of causes of death, prepared by the World 
Health Organisation (seventh revision, 1958) recognises 1,000 categories 
of m o r t a l i t y , each of which i s assigned a unique reference code. For 
general purposes, t h i s l i s t i s normally abbreviated t o 50 major group 
headings, although i n England & Wales the Ministry of Health and the 
Registrar General employ a c l a s s i f i c a t i o n of only 36 major causes of 
death.. Unfortunately, the rapid advance i n medical knowledge and the 
corresponding refinement of diagnostic procedure has meant that the 
system of c l a s s i f i c a t i o n i t s e l f has had to undergo a s i g n i f i c a n t evolu-
t i o n . Accordingly, extreme caution must be exercised when attempting 
comparisons of m o r t a l i t y experience over protracted time periods. I n 
most cases i t i s necessary to make quite extensive adjustments to the 
mo r t a l i t y data to make allowance f o r c l a s s i f i c a t o r y changes - see f o r 
example the study prepared by the U.S. Department of Health, Education 
and Welfare (Campbell I965) concerned with m o r t a l i t y trends i n England 
& Wales. 
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1.3. Morbidity 
Since a p a r t i c u l a r individual experiences a considerable number 
of d i s t i n c t episodes of i l l n e s s during his l i f e t i m e , the analysis of 
mortality patterns alone provides an inadequate picture of the health 
status of a population. Unfortunately, i l l - h e a l t h or 'morbidity' i s 
an extremely d i f f i c u l t phenomenon t o measure, or even to define. Logan 
and Brooke (1957:16), recognising the subjective nature of morbidity, 
state simply that "a person i s i l l i f he feels i l l " . However, i f t h i s 
l a t t e r d e f i n i t i o n i s adopted, the more s i g n i f i c a n t elements of the 
morbidity pattern tend to become obscured by the mass of t r i v i a l com-
plaints and symptoms. I n t h i s context Logan and Brooke (1957) report 
that during the f i r s t quarter of 1951j which was dominated by a severe 
epidemic of influenza, a morbidity rate of 75$ was reported f o r England 
and Wales. The f i g u r e f o r the corresponding quarter of the preceding 
year was 71/°J or only UjZ lower! 
Whereas m o r t a l i t y can usually be precisely recorded i n both time 
and space, there are a considerable number of d i f f i c u l t i e s i n making 
similar measurements i n the case of morbidity (Sanders I964). In the 
f i r s t place, a single episode of i l l n e s s may extend over a protracted 
time period, p a r t i c u l a r l y i n the case of an insidious disease such as 
tuberculosis. As a result i t may prove extremely d i f f i c u l t to ascertain 
with any degree of certainty the actual date of onset f o r the disease. 
Secondly, an i n d i v i d u a l may experience a number of separate bouts of 
the same disease, thereby further complicating the recording process. 
Thirdly, i t should be recognised that a single disease type may e l i c i t 
t o t a l l y d i f f e r e n t responses among i t s victims. Thus, whereas one person 
may eventually die from an attack of influenza, another may experience 
only a sub-clinical attack, and be completely unaware that he has i n fact 
contracted the disease (Bailey 1955J51). Moreover, evidence seems to 
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suggest that the nature of specific diseases i s capable of substantial 
mutation through time. This applies p a r t i c u l a r l y ho the virulence of 
the more common infectious diseases such as measles and scarlet fever, 
both of which were regarded as very serious a f f l i c t i o n s at the turn of 
the century (Anderson I957sl92). 
1.4. Data sources 
Even today, medical s t a t i s t i c s f o r most countries i n the world 
are incomplete, i f not t o t a l l y unavailable. As a re s u l t , variations 
i n disease incidence between countries may often prove t o be more 
apparent than r e a l , i n so f a r as they may r e f l e c t basic differences i n 
the completeness and accuracy of data c o l l e c t i o n . As Banks (1959*214) 
comments i n connection with the v a l i a n t work of Jacques llay (1950a) i n 
mapping disease at the world scale, "the maps form at one and the same 
time an atlas of disease and an atlas of ignorance Alas! We s t i l l 
lack the facts only too often." 
Nevertheless, the situ a t i o n i n much of the developed world i s f a r 
more encouraging. I n the case of the United Kingdom, a comprehensive 
system of disease r e g i s t r a t i o n has existed since the end of the nine-
teenth century. Registration of b i r t h s and deaths, together with a 
selected number of n o t i f i a b l e diseases, i s required by law, and t h i s 
has yielded a considerable wealth of published s t a t i s t i c a l material f o r 
a substantial time period. I n addition, a f a r greater store of material 
remains unpublished and v i r t u a l l y untouched from a research point of 
view. This material i s held both i n the l o c a l authority health offices 
and i n the f i l e s of individual general p r a c t i t i o n e r s . These l a t t e r 
sources provide the medical geographer with the opportunity of delving 
int o more l o c a l patterns of disease. 
1.4.1. Published sources 
The Registrar General's S t a t i s t i c a l Review which i s published 
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annually, devotes part I e n t i r e l y to medical s t a t i s t i c s . Mortality 
i s tabulated by cause for the administrative counties of England and 
Wales and the county boroughs. The annual t o t a l s of n o t i f i c a t i o n s for 
a number of infectious diseases are also given f o r individual county 
boroughs, together with the urban and r u r a l t o t a l s f o r each of the 
administrative counties. 
The Registrar General also publishes a decennial supplement to 
the census returns e n t i t l e d "area m o r t a l i t y " , which, although not 
yi e l d i n g a greater spatial d i v i s i o n , does at least provide a comprehen-
sive age breakdown f o r the major causes of death. The major disadvantag 
of the supplement i s that, although the data ref e r to a census year 
(e.g. 1951)> they are not usually available u n t i l seven years l a t e r 
( i . e . 1958). 
Of a more general s t a t i s t i c a l nature are a series of papers pro-
duced by the General Register Office and e n t i t l e d "Studies on medical 
and population subjects". The topics vary widely, and include "Cancer 
s t a t i s t i c s f o r England and Wales", "General pra c t i t i o n e r s ' s t a t i s t i c s " , 
and "Hospital morbidity s t a t i s t i c s : a preliminary study of inpatient 
discharges". I n the main they are non-geographical i n approach, and 
consequently rarely attempt to investigate the d i s t r i b u t i o n a l patterns 
of the medical data presented f o r u n i t s less than the standard region. 
As such they can only provide a useful summary, and a wider frame of 
reference f o r more detailed study. 
In addition, the General Register Office produces a weekly return 
of s t a t i s t i c s f o r England and Wales, e n t i t l e d "Births and deaths, 
infectious diseases, weather". I n p a r t i c u l a r table I I tabulates the 
number of b i r t h s and deaths - distinguishing deaths of infants under 
1 year of age - during the period of one week, f o r individual counties 
of England and Wales, and by cause. Table IV records tho "Notifications 
of Infectious Diseases i n the week ended (e.g.) j5rd A p r i l 19?0". The 
data f o r the l a t t e r table are given by loc a l authority fox1 the 
following 25 selected categories of infectious disease:-
Scarlet fever, whooping cough, measles, acute poliomyelitis 
(paralytic and non-paralytic forms), tuberculosis (respiratory 
form), tuberculosis of the meninges and C.N.S., diphtheria, 
smallpox, cholera, plague, tuberculosis (other forms), menin-
gococcal i n f e c t i o n , anthrax, infective acute encephalitis, 
post-infective acute encephalitis, typhus fever, relapsing 
fever, dysentery, ophthalmia neonatorum, puerperal pyrexia, 
acute pneumonia, paratyphoid fever, typhoid fever, food 
poisoning. (1) 
1./|..2. Unpublished sources 
Data f o r the o f f i c i a l returns noted above are supplied by 
individual l o c a l a u t h o r i t i e s , who maintain two separate running 
registers. One records mortality and the other morbidity. These 
registers are themselves compiled from the records of the l o c a l regis-
t r a r s of b i r t h s and deaths, and from reports submitted by medical 
practitioners. 
The mortality r e g i s t e r , which i n some cases i s only retained 
f o r a period of twelve months, records d e t a i l s of the date of death; 
name, sex, age, occupation and place of usual residence of the deceased 
together with a statement of the major cause(s) of death. 
The n o t i f i a b l e disease register, available i n most cases f o r a 
much longer time sequence, records the name, sex, age and address of 
the patient; the name of the recording doctor; the date of h o s p i t a l i -
sation ( i f any); and the nature of the disease. I n a l i m i t e d number of 
cases a separate register i s kept of tuberculosis n o t i f i c a t i o n s i n an 
e f f o r t to preserve a measure of c o n f i d e n t i a l i t y . 
1.4.3 S t a t i s t i c a l l i m i t a t i o n s and considerations 
Some of the more important l i m i t a t i o n s and disadvantages of 
mortali t y and morbidity s t a t i s t i c s have already been alluded t o i n 
sections 1.2. and 1.3. above. However, more detailed discussion of 
( l ) This repz'esonts the situ a t i o n as at 1st January 196?. Since then 
the l i s t of diseases has been increased to 28. Disease categories such 
as yellow fever and i n f e c t i v e jaundice have been added, while others 
such as acute pneumonia have been deleted. 
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thess and other s t a t i s t i c a l considerations i s reserved u n t i l the i n t r o -
duction of specific chapters, since the problems inherent i n dealing 
with particular data sets vary quite substantially from one disease 
category to another. 
1.5. The study area 
I t had o r i g i n a l l y been proposed to study some aspects of the 
medical geography of Korth-east England, thereby selecting a geographi-
cal region with p a r t i c u l a r l y well-defined natural, as well as adminis-
t r a t i v e boundaries. Hov/ever, i t soon became apparent from the wealth 
of s t a t i s t i c a l material available that such a large study would be 
impracticable unless i t was to attempt no more than a generalised surve; 
of the medical geography of the area. Under the circumstances, there 
appeared to be two alternatives: either the survey area would have to 
be severely reduced i n size, or a more detailed investigation would 
have to be carried out, involving perhaps only a single disease cate-
gory, f o r the whole of North-east England. I t was decided that the 
former -alternative was the more acceptable, and as a res u l t the survey 
area was l i m i t e d to County Durham, together with i t s f i v e associated 
county boroughs. Despite t h i s considerable reduction i n the study area 
i t could well be argued that by considering only County Durham one was 
i n f a c t achieving a r e l a t i v e l y representative transect through the d i f -
ferent environmental facets of the North-east as a whole. The County 
exhibits a wide range of dif f e r e n t physical and c u l t u r a l environments 
(fi g u r e 1.1.). Sparsely populated upland areas of dispersed settlement 
i n the west contrast sharply with the urban complexes i n south Tyneside 
V/earside and north Teesside to the east. The intervening zone of the 
county i s characterised by a close network of nucleated towns and 
villages (the majority associated with mining a c t i v i t y ) superimposed 
upon an existing pattern of a g r i c u l t u r a l settlements. This area Hebdcn 
(1969:6) has described as a "single urbanised region rather than an 
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interconnected system of separate towns". The a v a i l a b i l i t y of such a 
d i v e r s i t y of environmental types enables the geographer to determine 
whether or not t h i s i s reflected i n a similar variety of response i n 
terms of disease experience. I t also provides an opportunity to 
investigate through disease certain functional relationships which 
inevitably exist between these d i f f e r e n t types of environment. 
I t i s of course true that by adopting purely administrative 
boundaries as the framework for the study area, contiguous areas, 
displaying a considerable degree of homogeneity i n respect of t h e i r 
disease experience, were inevitably and a r t i f i c i a l l y separated from 
each other. This was p a r t i c u l a r l y true of Tyneside and Teesside where 
two large urban complexes were dissected by the county boundary. 
Indeed, experience would suggest that disease regions are rarely co-
extensive with administrative units (Howe, 1359:205), although f o r 
most purposes the l a t t e r may be regarded as suitable sample points f o r 
investigating patterns of disease. Providing reasonable care was taken 
not to disregard the importance and significance of such sp a t i a l l i n k -
ages i n the disease pattern during subsequent analysis, i t was thought 
unl i k e l y that t h i s f a c t o r would detract substantially from the overall 
v a l i d i t y of the study. 
On the other hand, the adoption of a purely administrative unit 
as the spatial framework of the study may be deemed to o f f e r a number 
of d i s t i n c t advantages, not least of which i s concerned with the 
a v a i l a b i l i t y of comparable s t a t i s t i c a l information f o r a wide range of 
social and economic parameters collated on the same basis. Moreover, 
i n many ways the e x i s t i n g hierarchy of administrative u n i t s , ranging 
from the county borough to the urban and r u r a l d i s t r i c t , may be deemed 
to have evolved, at least i n part, i n response to a large number of 
h i s t o r i c a l and environmental factors. Thus the resultant network of 
administrative divisions may not i n r e a l i t y be quite as a r t i f i c i a l l y 
contrived as they might at f i r s t appear. 
At the time of the 1961 Census, County Durham had a resident 
population s l i g h t l y i n excess of l^r m i l l i o n s . ^ ' This provided a 
s u f f i c i e n t l y large 'population at r i s k 1 to y i e l d meaningful disease 
patterns without the constant fear of s t a t i s t i c a l insignificance. At 
the same time, the volume of data c o l l e c t i o n and processing demanded 
by a t o t a l of f o r t y l o c a l authority areas can be kept w i t h i n manageable 
proportions, thereby permitting the investigation of a number of d i f -
ferent categories of morbidity and m o r t a l i t y . Nevertheless, as McDonald 
and Clemence (1965) state, "No community i s i d e a l i n every respect f o r 
a community health study; each investigator seeks the best possible 
compromise between purposes and resources." (p. 9) 
1.6. Spatial and time considerations 
1.6.1. Scale 
Stamp (1964*21) has recognised four levels of study f o r the 
medical geographer, namely, the world, the continental, the national 
and~the l o c a l scales. 3&ch l e v e l provides the researcher w i t h a com-
ple t e l y d i f f e r e n t view or perspective of the disease s i t u a t i o n , whilst 
at the same time presenting i t s own peculiar d i f f i c u l t i e s and drawbacks. 
In connection with the study of disease at the l o c a l l e v e l , Stamp 
believes " i t to be a very neglected l i n e of research, and one which i s 
crying out f o r investigators." 
However, i t should perhaps be stressed that although such l o c a l 
studies have an i n t r i n s i c relevance and value i n themselves, they are 
substantially enhanced by constant reference t o a v/ider frame of 
reference. I t i s f o r t h i s reason that the l o c a l s i t u a t i o n should whereve 
possible be viewed i n r e l a t i o n to the national or even the world s i t u a t i o 
( l ) Regrettably, comparable figures f o r the 1971 Census are not yet 
available, since during the intervening period the Urban D i s t r i c t of 
Billingham and the municipal borough of Stockton-cn-Tees were amalgamated 
with adjacent authorities from the North Riding of Yorkshire to form the 
new County borough of Teesside. 
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Mapping at substantially d i f f e r e n t scales can often produce 
contrasting impressions of the disease s i t u a t i o n for a particular area. 
Consequently, the choice of an appropriate scale f o r mapping must be 
regarded as a matter of fundamental importance. The choice of too 
small a scale may often mean that many of the meaningful variations i n 
the disease pattern at the l o c a l l e v e l may become obscured. On the 
other hand, mapping at too large a scale may tend to detract from the 
overall significance of the resultant maps, by v i r t u e of the small 
number of cases included i n in d i v i d u a l l o c a l areas. Taken to an extreme, 
the l o c a l mapping of disease can degenerate i n t o no more than a visual 
representation of random fl u c t u a t i o n s . 
Figure 1.2. shows the d i s t r i b u t i o n of i n f e c t i v e jaundice i n 
England and Wales for the f i r s t complete year for which the disease was 
o f f i c i a l l y designated a n o t i f i a b l e disease ( v i z . July 1968 - June 1969). 
Durham emerges as an area with a 'high' n o t i f i c a t i o n rate (85-99 cases 
per 100,000 persons) and the impression gained i s that County Durham as 
a whole has a bad experience i n respect to t h i s particular disease. 
However, when the s i t u a t i o n i s viewed at the l o c a l l e v e l (figure 1.3») 
i t i s discovered that there i s i n fact as much, i f not more, va r i a t i o n 
i n n o t i f i c a t i o n rates with i n the county than at the national l e v e l 
betv/een individual counties. In p a r t i c u l a r , the south-east of Durham, 
with an almost t o t a l absence of the disease, contrasts sharply with 
n o t i f i c a t i o n rates i n excess of 200 per 100,000 for p a r t i c u l a r l o c a l 
a u t h o r i t i e s i n the north-west of the county and i n south Tyneside. I n 
t h i s case, the l o c a l view i s i n many ways more meaningful, although both 
maps have t h e i r own particular merits, as well as t h e i r disadvantages.^"^ 
1.6.2. Tims perspective 
The choice of an appropriate time scale for study i s dependent to 
( l ) Figures 1.2.„ and 1.3. were constructed during an investigation of 
i n f e c t i v e jaundice i n England and Wales (Young, 1971). 
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a greater or lesser extent upon the type of disease under i nves t iga t ion . 
In the case of a highly infec t ious disease, the s i tua t ion may change so 
rap id ly that mapping may be possible at weekly i n t e rva l s . Figure 1.4. 
f o r example shows the passage of the major wave of the 1957 as ia t i c 
influenza epidemic through England and Wales, as i n fe r r ed from the n o t i -
f i c a t i o n s of acute pneumonia (Young and Hunter, 1971)• On the other 
hand, an insidious and endemic disease such as tuberculosis may exh ib i t 
only a rather slow evolution i n i t s spat ia l d i s t r i b u t i o n tiirough tin:e, 
and as a r e su l t mapping may be more appropriately carr ied out on the 
basis of a year ' s s t a t i s t i c s , or an even longer time period. S i m i l a r l y , 
i n the case of m o r t a l i t y mapping, especially at the l o c a l level, death 
s t a t i s t i c s f o r a period of perhaps f i v e years may be required to ensure 
that (a) the e f f ec t s of exceptional and unrepresentative circumstances, 
such as a very severe winter , are not given undue emphasis, and (b) a 
s u f f i c i e n t number of deaths occur to permit the construction of maps 
v/hich are s t a t i s t i c a l l y s i g n i f i c a n t . This l a t t e r point i s p a r t i c u l a r l y 
relevant i n the case of the less common causes of death, where the 
vagaries of chance might otherwise run r i o t amid small mor t a l i t y scores. 
1.7« Methods of approach 
The basic framework f o r the present study was provided by s t a t i s -
t i c a l mater ia l obtained from o f f i c i a l records. The general r e l i a b i l i t y 
of the records themselves; the completeness of cover, and the conveni-
ence of dealing w i t h data col la ted f o r wel l -def ined l o c a l administrat ive 
uni ts were deemed to be extremely sa t i s fac to ry bases f o r the proposed 
study. As Stamp (1964:15) comments, "My medical knowledge and t r a i n i n g 
are n i l . I have had to accept the medical data as published, paying due 
a t t en t ion to the doctors ' warnings as to t h e i r r e l i a b i l i t y and relevance. 
At the s t a r t of the research programme, a working paper was 
prepared on the scope and h i s t o r i c a l development of medical geography, 
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i n order to become acquainted v/ith the nature of work already carr ied 
out i n t h i s f i e l d , as we l l as wi th the s t a t i s t i c a l and cartographic 
techniques employed. This was fol lowed by a second working paper 
concerned wi th the evolut ion and development of epidemiological theory, 
w i th special reference to i t s appl ica t ion to studies of disease i n a 
spa t ia l context. From th i s l a t t e r study* the concept of 'populat ion 
at r i s k 1 emerged as an important and recur r ing theme. I t was t h i s 
consideration which subsequently led to the development of the demo-
graphic cartogram and model discussed i n Chapter 2. Only then was 
a t ten t ion turned to the inves t iga t ion and mapping of spec i f ic disease 
patterns. 
1 .7 .1 . Morbidi ty 
The study of morbidity may be approached i n one of s ix ways:— 
(a) O f f i c i a l r eg i s t r a t i on of spec i f i c n o t i f i a b l e diseases. 
(b) General health surveys. 
(c ) General p rac t i t ione r s ' records. 
(d) Hospi ta l records. 
(e) Claims f o r sickness b e n e f i t . 
( f ) Miscellaneous group including school records and 
i n d u s t r i a l accident recox'ds, e tc . 
The p o s s i b i l i t y of conducting an actual health survey i n the 
f i e l d was rejected as impracticable on the f o l l o w i n g grounds. F i r s t l y , 
the author lacked any formal t r a i n i n g i n c l i n i c a l matters. Secondly, 
such a survey would only be feas ible f o r a rather r e s t r i c t ed area, 
given the l i m i t e d resources available,and t h i r d l y i t was thought 
u n l i k e l y that the resul ts from such a survey would j u s t i f y the expendi-
ture of both time and e f f o r t , bearing i n mind the past experience of 
s imi la r types of health surveys at the nat ional l eve l (Logan and Brooke 
1957, Stocks 1949) and at the l o c a l l e v e l , f o r example i n Tyneside 
(Spence, et a l . 1954). 
S i m i l a r l y , the detai led inves t iga t ion of hospi ta l record:;; 
the personal records of i nd iv idua l general p rac t i t ioners and sickness 
benef i t records presents considerable d i f f i c u l t i e s from a geographical 
point of view. I n most cases, the data are fragmentary and unrepresenta-
t i v e } and i t i s generally impossible to determine the siae or d i s t r i b u -
t i o n of the exact 'population at r i s k ' , because ind iv idua l areal uni ts 
o f ten overlap by a considerable amount. Thus, although the value of 
such s t a t i s t i c a l sources has been duly demonstrated i n the nat ional 
context (Kay 1951, General Register Off ice 1953) t h e i r a p p l i c a b i l i t y to 
the geographical study of disease at the l o c a l and intermediate scale 
was deemed to be considerably more l i m i t e d . 
Having eliminated other possible l i n e s of approach as being 
impracticable or unsuitable, a t t en t ion was focussed on the inves t iga t ion 
of o f f i c i a l n o t i f i c a t i o n records, mostly r e l a t i n g to in fec t ious diseases. 
I n i t i a l l y the s t a t i s t i c s f o r a wide range of disease types were abstracted 
from the Registrar General's weekly returns o f in fec t ious diseases, and 
these were then p lo t ted and mapped. Among the categories of disease 
chosen f o r prel iminary inves t iga t ion were measles, scarlet fever , 
whooping cough, tuberculosis , typhoid, paratyphoid, dysentery, food 
poisoning, i n f e c t i v e encephalit is and pneumonia. From t h i s extended 
l i s t , only three disease types were subsequently selected f o r more 
intensive study. These were measles, tuberculosis and suspected food 
poisoning. 
Measles was selected f o r study as an example of a h ighly in fec t ious 
disease, e x h i b i t i n g periods of extensive epidemic a c t i v i t y . I t i s also 
the commonest of the n o t i f i a b l e diseases, thereby y i e l d i n g a s u f f i c i e n t 
number of cases to f a c i l i t a t e mapping at the l o c a l l e v e l f o r r e l a t i v e l y 
short time periods. Tuberculosis, and i n pa r t i cu l a r the resp i ra tory 
form of the disease, was chosen as a complete contrast to measles. 
Endemic i n d i s t r i b u t i o n , tuberculosis i s an insidious disease, usually 
requi r ing prolonged periods of sustained contact between ind iv idua ls 
f o r e f f e c t i v e transmission to take place. As such i t i s a disease 
which over time appears to adjust to p reva i l ing environmental fac tors 
perhaps more closely than most. The more loca l i sed study of suspected 
food poisoning at Consett was i n f a c t a by-product of the major l i nes 
of i n q u i r y . This apparent anomaly i n the overa l l s t a t i s t i c s f o r the 
county as a whole was thrown up during preliminary scanning of the 
weekly re turns . Further inves t iga t ion revealed some surpr is ing and 
in t e res t ing r e su l t s , thereby demonstrating the value of more deta i led 
mapping of data w i t h i n a much wider framework. 
1.7.2. M o r t a l i t y 
I n the case of mor t a l i t y the geographer i s compelled to r e l y upon 
s t a t i s t i c s derived from o f f i c i a l sources, and must therefore assume the 
data to be both complete and to l e rab ly accurate f o r the purpose of sub-
sequent analysis . I n i t i a l l y i t was proposed to attempt a comprehensive 
inves t iga t ion of the m o r t a l i t y patterns f o r County Durham -for a l l the 
major disease categories; along the same l i ne s as the study by Howe 
(1963) f o r the United Kingdom,, Deaths f o r a l l causes of death were 
abstracted f o r each l o c a l au thor i ty i n County Durham from the s t a t i s t i c a l 
records of appropriate medical o f f i c e r s of health f o r the f i v e year 
period 1963-67 ( i n c l u s i v e ) . The raw data were then subjected to a 
process of standardisation to compensate f o r the e f f e c t s of spa t i a l 
var ia t ions i n age and sex structure f o r the 'population a t r i s k 1 . At 
the same time an attempt was made to enhance the s t a t i s t i c a l s ignif icance 
of the resultant mor t a l i t y patterns by emplying a framework of ' conso l i -
dated areas' f o r mapping a l l but the most common causes of death 
(Chapter 8 ) . The resultant maps of m o r t a l i t y , f o r a selected number of 
causes of death s are presented i n Chapter 9, together w i t h a preliminary 
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discussion of the spa t ia l patterns i n each case. For reasons which 
w i l l be discussed l a t e r , i t was only found possible to consider a 
l i m i t e d range of mor t a l i t y categories. Moreover, subsequent attempts 
at more detai led and sophisticated analysis of the. derived m o r t a l i t y 
patterns did not prove to be as rewarding as o r i g i n a l l y hoped. 
1.8. Aims of the study 
I n undertaking the present research programme, a number of 
separate aims and objectives were formulated. The most important of 
these are summarised below. In the conclusion, they w i l l be reassessed 
w i t h a view t o discovering to what extent these aims and objectives 
have been achieved, or to what extent they have had to be modified i n 
the l i g h t of subsequent research experience. 
1 . 8 . 1 . The appl ica t ion of disease mapping 
Perhaps the most fundamental aim of the present study was con-
cerned wi th the f u r t h e r demonstration of the relevance and value of the 
map i n the inves t iga t ion of disease. As Stamp (196"4:14)" Comments, " " I f " 
we accept the view that the modern d i sc ip l ine of geography i s the study 
of the relat ionships between man and his environment we are s t i l l l e f t 
w i th the assertion that geography i s the science of d i s t r i b u t i o n s , that 
i t s basic t o o l is the map and i t s prime func t i on i s to express f ac t s on 
maps - and i n other words the cartographic i n t e rp re t a t ion of data." 
I n pa r t i cu la r , i t was desired to demonstrate the f e a s i b i l i t y of 
mapping morbidity as we l l as mor t a l i t y at the l o c a l l e v e l . For t h i s 
purpose, a number of cartographic techniques were developed or adapted. 
1.8.2. Disease mapping at the intermediate scale 
The major i ty of medico-geographical studies so f a r attempted have 
been concerned wi th the in te rna t iona l (May, 1950a) and the nat ional 
scales (Howe I963 and 1970, Learraonth 1961, Learmonth and Nichols 1965) 
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or else tho purely l o c a l scale (see f o r example Br.ownlea, 196/; 
Dawson, 1970). L i t t l e has been done, at l eas t i n B r i t a i n , to demons-
t r a t e the f e a s i b i l i t y and indeed the value- of the inves t iga t ion and 
mapping of disease at the regional scale. I t was hoped that t h i s 
present study by concentrating upon t h i s intermediate l eve ly .nves t iga-
t i o n would be able to reduce the degree of general isat ion which i s 
inherent i n the major i ty of nat ional surveys. At the same time, by 
embracing a suitable range of contrast ing environments w i t h i n the 
framework of the study, i t was hoped that i t might be possible to view 
more c l ea r ly the influence of pa r t i cu la r a e t i o l o g i c a l fac tors on the 
patterns of disease. I n pa r t i cu la r , i t was thought l i k e l y that con-
siderable contrasts would emerge between the urban and r u r a l communities 
i n respect of t h e i r disease experience. 
1.8.3. The inves t iga t ion cf disease patterns i n County Durham, per se 
Previous studies at the nat ional scale have consistent ly dray/n 
a t t en t ion to the f a c t that Northern England has displayed a p a r t i c u l a r l y 
poor experience i n respect of a wide range of morbidi ty and m o r t a l i t y 
categories (Ashley, 1967; Howe 1963 and 1970; Murray 1962). I n a con-
siderable number of cases, County Durham, and p a r t i c u l a r l y i t s associated 
county boroughs, emerged as an extremely unfavourable area. I t was 
resolved to invest igate t h i s s i t ua t ion more f u l l y i n an e f f o r t to i so la te 
par t i cu la r a e t i o log i ca l fac tors which could be invoked to explain t h i s 
poor experience. 
At the same time i t was hoped that by undertaking a reasonably 
detailed inves t iga t ion of the County f o r a s u f f i c i e n t l y wide range of 
disease categories, i t might be possible to b u i l d up a substant ia l , i f 
not comprehensive, picture of the medical geography f o r a representative 
sample area w i t h i n North-east England. 
O IK 
1.8.4* The development and appl ica t ion of pa r t i cu la r cartographic 
techniques and models 
Early i n the inves t igat ion i t became apparent that a number of 
cartographic techniques or aids would have to be developed or adapted, 
to assis t i n the v isual representation of the data. The demographic 
map f o r the County was developed using a technique described by Hunter 
and Young (1968). The 'epidemograph1 and the computer mapping tech-
niques v/ere developed in response to the need f o r a more rapid, display 
of disease patterns, many of which might not otherwise have wax-ranted 
the considerable expenditure of both time and e f f o r t on hand mapping. 
1.8.5« Data handling; by computer 
The sheer bulk of data involved, p a r t i c u l a r l y i n the case of the 
mor t a l i t y s t a t i s t i c s considered i n Section I I I , made the development 
of a number of data handling techniques a high p r i o r i t y . Techniques 
were devised f o r (a) the i n i t i a l storage and checking of the base data 
sets, (b) the compounding of the s t a t i s t i c s i n t o consolidated areas 
and ( c ) the calcula t ion of age-specific and standardised mor t a l i t y 
r a t i o s . 
I n add i t ion , less sophisticated computer programmes were 
developed to undertake such tasks as ca lcu la t ing n o t i f i c a t i o n rates, 
performing l inea r and mult iple regressions, and working out a consider-
able number of corre la t ions . 
1.8.6. A cont r ibut ion to.vards medical knowledge 
Although i t was never presumed that the present study would y i e l d 
any major or s t a r t l i n g medical discoveries such as those made by 
Dr. John Snow i n 1855* i t was nevertheless hoped that at leas t some 
cont r ibut ion could be made to the epidemiology and ecology of spec i f ic 
diseases. I n pax-ticular i t was thought - l ike ly that the deta i led 
inves t iga t ion of epidemic spread, and the cor re la t ion of disease patterns 
with a number of' environmental parameters could provide extremely 
promising avenues f o r research. At the same time, i t was hoped that 
the research programme i t s e l f would b r ing to l i g h t a considerable 
number of problems and anomalies i n the disease pattern which would 
demand more detai led analysis and inves t iga t ion by members of the 
medical profession at a l a t e r stage. 
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Chapter 2 
Demographic Base Nay o f County Durham 
2 . 1 . In t roduct ion 
I t has long been real ised by the medical geographer that many 
of the more conventional cartographic techniques may not necessarily 
provide the most appropriate v i sua l presentation of t h e i r data. For 
example, the appl ica t ion of the dot map by Petermann to demonstrate 
the d i s t r i b u t i o n of cholera i n the B r i t i s h I s l es during the middle 
of the l a s t century was i n many ways no more than a 'pale r e f l e c t i o n 
of the d i s t r i b u t i o n of population 1 a t that time ( G i l b e r t , 1 9 5 8 ) . 
S i m i l a r l y , the p l o t t i n g of standardised m o r t a l i t y r a t i o s f o r 
Aus t ra l ia (Learmonth and Nichols , 1 9 6 5 ; and Learmonth an?, Grauj 19^9) 
by means of i sople ths , tends to give undue emphasis to the v i r t u a l l y 
uninhabited core of the continent, wh i l s t detract ing from the t rue 
s ignif icance of the l i t t o r a l areas, where the bulk of the population 
i s to be found. Under such circumstances, 'populat ion at r i s k ' i s a 
f a r more important consideration than precise spa t ia l r e la t ionsh ips . 
The concept of the demographic map has evolved from a number of 
d i f f e r e n t types of cartogram designed by workers i n a va r i e ty of 
f i e l d s . Notable amongst these have been Raisz ( 1 9 3 4 and 1 9 3 6 ) w i t h 
h i s 'value-area' cartograms, and the Tfoytinskis (1953 and 1 9 5 5 ) who 
f requent ly employed ' d i s to r t ed maps' i n t h e i r work. More recently the 
idea has been adopted f o r use i n e lec tora l studies by Hollingsworth 
i n the United Kingdom ( 1 9 6 4 and I966) and by Hughes and Savage f o r 
Aus t ra l i a ( 1 9 6 7 ) . 
The adoption of the demographic map f o r the purposes of medical 
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inves t iga t ion appears to have been i n i t i a t e d by the 1 i soa rch ic ' and 
'isodemic' cartograms designed by Sutherland ( 1 9 6 2 ) f o r Scotland. I n 
t h i s case, a system of sectored, concentric c i r c l e s was devised f o r 
each of the main regional centres f o r the country, and these were 
then arranged i n t h e i r approximate geographical l o c a t i o n . More 
recent ly , the maps constructed by Levison and Haddon ( 1 9 6 3 ) of Wilm's 
tumor f o r New York State, and the m o r t a l i t y cartograms of Scotland 
prepared by Forster ( 1 9 6 6 ) have tended to place more emphasis on the 
use of contiguous polygons i n t h e i r construct ion. I t i s perhaps 
i n t e r e s t i ng , and indeed surpr is ing , t o note tha t up to t h i s point the 
appl ica t ion of t h i s pa r t i cu l a r cartographic technique to disease 
mapping had been pioneered almost exclusively by non-geographers. I t 
was only as a resu l t of the va l ian t e f f o r t s of Howe ( 1 9 6 8 , 1 9 6 9 and 
1 9 7 0 ) that the demographic cartogram became established as a use fu l i f 
not an indispensable t o o l f o r the medical geographer. I n t h i s case a 
range of proport ional symbols were located w i t h i n an ou t l ine map of 
Great B r i t a i n i n order to d i f f e r e n t i a t e between r u r a l _and urban areas, 
and these were then choroplethed i n the normal way. An add i t iona l 
f a c i l i t y was provided on the same map whereby i t was possible to d i f -
f e r en t i a t e between s t a t i s t i c a l l y s i g n i f i c a n t and i n s i g n i f i c a n t values 
by means of s o l i d or dashed outl ines f o r each symbol. 
Meanwhile Hunter and Young ( 1 9 6 8 ) had been working independently 
on the construction of various quant i ta t ive cartograms by physical 
accret ion methods, and the present chapter i s based to a large extent 
on t h i s research. More recently the cartograms which were derived by 
t h i s method have been duly employed i n the inves t iga t ion of the d i f f u s i o n 
of inf luenza (Hunter and Young 1 9 7 1 ) and also i n a study of the d i s t r i -
bu t ion of i n f e c t i v e jaundice i n England and Wales (Young 1 9 7 1 ) • 
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2 . 2 . The Demographic Map 
2 . 2 . 1 . Construction 
The demographic map shown i n f i gu re 2 . 1 . and employed throughout 
t h i s present study relates to the census population of County Durham 
f o r 1 9 6 1 . Basical ly speaking, the cartogram i s constructed by b u i l d i n g 
up areas - i n t h i s case the 4 0 constituent l o c a l au thor i t i e s of the 
County - from a number of small square blocks of wood each representing 
a single un i t of population. The blocks were -4' inch t h i c k , sawn from 
\ inch square hardwood s t r i p , and subsequently dyed i n a number of 
primary colours, so that adjacent areas could be c l ea r ly d i f f e r e n t i a t e d 
i n the f in i shed cartogram. 
Each block was accorded a population value of 1 , 0 0 0 persons, 
which meant that f o r the completed cartogram of County Durham ( w i t h a 
resident population i n 1 9 6 1 of 1 , 5 1 7 > 3 1 4 ) a t o t a l of approximately 
1 , 5 1 7 blocks were r e q u i r e d . T h e population of each l o c a l author i ty 
was then expressed i n terms of population u n i t s , by d iv id ing by 1 , 0 0 0 , 
and the nearest whole-number of blocks was duly assigned i n each case. 
Polygonal shapes representing the l o c a l au thor i ty areas were then 
assembled i n the most favourable spa t ia l conf igurat ion possible, i n 
an e f f o r t to r e t a in at leas t the more fundamental charac ter is t ics of 
the chorographic base. Inev i t ab ly , however, bearing i n mind the uneven 
d i s t r i b u t i o n of population, the demographic cartogram can never hope to 
be more than a very r e s t r i c t ed i m i t a t i o n of the chorographic base i t 
purports to represent. Indeed, i t might be argued that the more d i s -
to r t ed the former appears i n r e l a t i o n to the l a t t e r , the greater i s the 
l i k e l i h o o d that the demographic viewpoint w i l l be able to add a completely 
new dimension to the r e a l i s t i c evaluation of the par t i cu la r geographic 
phenomena under inves t iga t ion . 
* ' The actual t o t a l was s l i g h t l y i n excess of t h i s f i g u r e , due to the 
e f f e c t s of 'rounding o f f the population to t a l s f o r each l o c a l au thor i ty . 
r , ~ 
I n c o n s t r u c t i n g t h i s type of ccrtogram, the c o n f l i c t i n g demands 
of three c r i t e r i a must n e c e s s a r i l y be resolved. I n the f i r s t place 
r e l a t i v e population size must be r e t a i n e d a b s o l u t e l y , since the 
method demands the use of a f i x e d number of blocks i n the c o n s t r u c t i o n 
of the map. Secondly, w i t h i n the l i m i t s of t h i s f i r s t c o n s t r a i n t , a 
semblance of the o r i g i n a l shape of the chorographic base must be 
r e t a i n e d . And t h i r d l y , c o n t i n u i t y between l o c a l a u t h o r i t y areas must 
be maintained wherever possible. Quite obviously, the s i t u a t i o n means 
t h a t there i s no 'one' c o r r e c t s o l u t i o n t o the c o n s t r u c t i o n of such a 
demographic model f o r a p a r t i c u l a r area, although a number of workers, 
i n c l u d i n g Tobler (1967) have attempted t o achieve such optimum con-
f i g u r a t i o n s w i t h the a i d o f q u i t e s o p h i s t i c a t e d computer programmes. 
During the c o n s t r u c t i o n of the present demographic cartogram f o r County 
Durham ( f i g u r e 2 .1.) the more populous centres b o r d e r i n g the North Sea 
coast, the Tees and the Tyne were assembled f i r s t , i n orc'er t o preserve 
the e s s e n t i a l o u t l i n e of the County. The i n t e r v e n i n g areas were then 
i n s e r t e d , working b r o a d l y speaking from East t o West. I n only one case, 
Stockton S.D, was i t found impossible to r e t a i n the desired s p a t i a l 
c o n t i g u i t y between l o c a l a u t h o r i t y areas. 
When the cartogram had been s u i t a b l y assembled i n b l o c k form, 
the r e s u l t a n t c o n f i g u r a t i o n of the model was t r a n s f e r r e d t o squared 
paper, thereby conveniently removing any s l i g h t i r r e g u l a t i r i e s i n t r o -
duced by the i n d i v i d u a l b l o c k s . The cartogram was then ready f o r 
choroplething i n the normal way. 
2.2.2. A p p l i c a t i o n 
I t was never envisaged t h a t the demographic map should be used 
i n i s o l a t i o n , but r a t h e r as an adjunct t o the more f a m i l i a r and con-
v e n t i o n a l chorographic r e p r e s e n t a t i o n s . " I t should be emphasised t h a t 
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the Q u a n t i t a t i v e cartogram is not a s u b s t i t u t e f o r conventional 
mapping. I t is an a d d i t i o n a l cartographic t o o l which can be put t o 
a v a r i e t y of u s e f u l purposes once i t s conventions are recognised and 
accepted." (Hunter and Young, 1968). This technique i s p a r t i c u l a r l y 
e f f e c t i v e i n combatting the v i s u a l supremacy of sparsely populated 
r u r a l areas over the urban areas which although t e r r i t o r i a l l y more 
compact are nevertheless demographically speaking more s i g n i f i c a n t . 
A case i n poi n t i s shov/n i n f i g u r e 2„2. which shovfs the n o t i f i c a t i o n 
r a t e s f o r measles i n County Durham during A p r i l 1963 f o r s p e c i f i c 
l o c a l a u t h o r i t i e s . I n the chorographic map ( f i g u r e 2.2.(a)) Barnard 
Castle R.D. appears v i s u a l l y dominant over Sunderland C.B., although 
both areas experienced approximately the same n o t i f i c a t i o n r a t e - i . e . 
between 20-39 n o t i f i c a t i o n s per 10,000 persons. However, whereas the 
former area w i t h a p o p u l a t i o n of approximately 17,000 recorded a mere 
41 cases o f measles f o r A p r i l 1963» n o less than 684 case.; were n o t i f i e d 
f o r Sunderland C.BAlluring the same pe r i o d . I n t h i s case, q u i t e 
obviously the demographic map provides a f a r b e t t e r guide as t o the 
r e l a t i v e 'volume' o f i n f e c t i o n i n v o l ved ( f i g u r e 2 . 2 . ( b ) ) . A s i m i l a r 
s i t u a t i o n i s seen t o e x i s t between D a r l i n g t o n R.D. on the one hand and 
Ha r t l e p o o l C.B. on the other. 
I n c e r t a i n circumstances i t may be more ap p r o p r i a t e t o constru c t 
age- or s e x - s p e c i f i c demographic cartograras f o r use i n the case of 
p a r t i c u l a r diseases or socio-economic parameters. For the purposes of 
t h i s present research programme separate cartograms were constructed 
f o r the male and female populations of County Durham. However, since 
these were found t o d i f f e r only very s l i g h t l y i n c o n f i g u r a t i o n from 
t h a t constructed f o r the d i s t r i b u t i o n of t o t a l p o p u l a t i o n , only the 
l a t t e r cartogram was adopted f o r subsequent p l o t t i n g . 
( l ) Population approximately 190,000 i n 1961. 
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2.3. The Kpidemograph 
B r i e f mention should also be made of an a d d i t i o n a l model t h a t 
evolved out of the o r i g i n a l concept of the demographic cartogram 
described above. 
I t was discovered t h a t hand-shading of chorographic and demo-
graphic maps was consuming a d i s p r o p o r t i o n a t e l y l a r g e f r a c t i o n of time. 
This was p a r t i c u l a r l y so i n the case of many o f the epidemic diseases, 
such as measles and i n f l u e n z a , where a la r g e number of choroplethed 
maps might be r e q u i r e d , before more d e t a i l e d a n a l y s i s could begin. 
I n an e f f o r t t o reduce the time spent i n manual p l o t t i n g o 
three dimensional v e r s i o n o f the demographic cartogram of County Durham 
was constructed (see Appendix A and p l a t e l ) . By employing a system 
of a d j u s t a b l e rods the i n d i v i d u a l elements - r e p r e s e n t i n g the ifJO l o c a l 
a u t h o r i t y areas - could be conveniently r a i s e d t o appr o p r i a t e heights 
above the base l e v e l (A i n i l a t e l ) ; the h e i g h t of each element being 
d i r e c t l y p r o p o r t i o n a l t o i t s value f o r the p a r t i c u l a r parameter being 
mapped. I n t h i s way a cartographic r e p r e s e n t a t i o n of the d i s t r i b u t i o n 
of a p a r t i c u l a r disease i n County Durham could be produced i n under 
f i v e minutes by means of ifi simple adjustments of t h e c o n s t i t u e n t 
elements. This compares w i t h a f i g u r e of approximately 20 t o 30 minutes 
which could w e l l be consumed i n the production o f even a rough choro-
p l e t h i c map o f the same d i s t r i b u t i o n . The r e s u l t a n t c o n f i g u r a t i o n of 
the epidemograph i s then analysed, i f only s u p e r f i c i a l l y , t o see whether 
or n o t the d i s t r i b u t i o n i s worthy of r e t e n t i o n f o r f u r t h e r study. I f 
a permanent reco r d i s required then the model may be e i t h e r photographed 
( f i g u r e 5»7«) or subsequently drawn up i n f i n a l i s e d c h o r o p l e t h i c form. 
I n the present study, the epidemograph was employed i n the pre-
l i m i n a r y i n v e s t i g a t i o n of measles and t u b e r c u l o s i s (Chapters U- and 5 
r e s p e c t i v e l y ) . However, i n i l l u s t r a t i n g the f i n a l t e x t i t was deemed 
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more expedient t o employ more conventional mapping techniques i n 
most cases. Nevertheless, t h i s method i s s t i l l b eing u t i l i s e d i n 
more recent research p r o j e c t s , and i t i s hoped t h a t i n f u t u r e i t 
may be possible t o develop t h i s concept more f u l l y . 
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Chapter 3 
Choroplethis fepping by Computer 
3.1. I n t r o d u c t i o n 
I t has already been pointed out ( s e c t i o n 2.3«) t h a t a considerable 
amount of time may be consumed i n the r e l a t i v e l y u n s o p h i s t i c a t e d process 
of c h o r o p l e t h i c mapping. Moreover, i n many cases the c o n f i g u r a t i o n of 
the r e s u l t a n t map may not be v i s u a l l y s i g n i f i c a n t , and as a r e s u l t i t 
may be discarded w i t h o u t f u r t h e r c o n s i d e r a t i o n . This i s p a r t i c u l a r l y 
t r u e of disease mapping, where i t i s very o f t e n the unusual d i s t r i b u t i o n 
which y i e l d s the most s i g n i f i c a n t r e s u l t s . Quite obviously a short c ut 
i s most d e s i r a b l e , and p a r t i c u l a r l y one which obviates the need f o r 
p r o t r a c t e d hand-shading. I t was t h e r e f o r e decided t o w r i t e a r e l a t i v e l y 
uncomplicated computer programme, which would map data by l i n e p r i n t e r 
f o r a p a r t i c u l a r base map - i n t h i s case County Durham. 
At the outset", i t must be st a t e d t h a t a considerable number of 
workers have already expended a great deal of time and e f f o r t i n the 
development of very s o p h i s t i c a t e d programmes t h a t are capable of 
generating extremely elaborate computer maps (see f o r example Drosness, 
e t a l . , 1965; Fisher, 1969; Hopps, 1969; Rosing and Wood, 1971). I n the 
present s i t u a t i o n , however, i t was decided t o w r i t e a short programme 
which would be capable of producing rough working maps which would not 
ne c e s s a r i l y possess many of the refinements of the more elaborate p r o -
grammes such as SYMAP and LINMAP.^ At the same t i m e , i t was deemed 
des i r a b l e t o adopt a simple i n p u t procedure which could be employed by 
geographers w i t h only a minimum of s t a t i s t i c a l and computing knowledge. 
( l ) SYMAP i s a computer mapping programme developed by the Laboratory 
f o r Computer Graphics and S p a t i a l Analysis a t Harvard U n i v e r s i t y . 
LINMAP i s a s i m i l a r type of programme developed by the M i n i s t r y o f 
Housing and Local Government. 
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3.2. The preparation and running of the MAP pro.gramme 
Choroplethic mapping by computer c o n s i s t s e s s e n t i a l l y of b u i l d i n g 
up blocks or sones of shading by means of i n d i v i d u a l or superimposed 
s t r i n g s of p r i n t e d c haracters. Each zone of the r e s u l t a n t computer map 
corresponds t o a p a r t i c u l a r sub-area of the o r i g i n a l chorographic map 
upon which i t i s based. I n the case of County Durham, the f o r t y l o c a l 
a u t h o r i t i e s were adopted as the sub-areas of the base nap, f o r which the 
c h o r o p l e t h i c computer map was t o be drawn. 
B a s i c a l l y speaking, the process of computer mapping described h e r e i n 
c o n s i s t s of the f o l l o w i n g s i x d i s c r e t e steps:-
i ) the c o n s t r u c t i o n of a transparent g r i d o v e r l a y . 
i i ) the production of a s u i t a b l e o u t l i n e base map of the 
area t o be mapped. 
i i i ) the composition of a basic g r i d m a t r i x from the base 
map and the g r i d o v e r l a y . 
i v ) the s e l e c t i o n of a s u i t a b l e v a r i a b l e f o r mapping, and 
the p r e p a r a t i o n of the r e q u i r e d data f o r each sub-area. 
v) the determination o f a p p r o p r i a t e c l a s s i n t e r v a l s . 
v i ) the execution o f the programme and data. 
3.2.1. The transparent g r i d overlay 
The basic g r i d overlay was prepared on a t r a n s l u c e n t m a t e r i a l -
i n t h i s case 'Ethulon'. 3ach t e n t h g r i d l i n e was drawn i n a t h i c k e r i n k , 
and s u i t a b l y numbered around the borders of t h e overlay ( f i g u r e 3-1.)• 
Each i n d i v i d u a l c e l l o f the g r i d o verlay was t o represent a s i n g l e symbol 
or character i n the f i n i s h e d map. 
I n order t o r e l a t e the computer p r i n t out t o the o r i g i n a l choro-
graphic base, i t was found necessary t o c o n s t r u c t the g r i d from 
rectangles r a t h e r than squares, w i t h sides i n the p r o p o r t i o n of 5s3. 
This r a t i o represents the a c t u a l dimensions of the i n d i v i d u a l l i n e p r i n t e r 
characters, when due allowance has been made f o r the space between the 
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characters, and the gap between i n d i v i d u a l l i n e s of p r i n t out. (For 
most purposes, an overlay w i t h g r i d c e l l s of dimensions 5mm x Jmsn w i l l 
prove q u i t e s a t i s f a c t o r y ; although due consideration must be given t o 
(a) the size of the chorographic base map, and '(b) the desired dimension 
of the completed computer map. 
3.2.2. The chorographic base map 
An o u t l i n e map of the area t o be mapped i s prepared, w i t h the 
boundaries of the i n d i v i d u a l sub-areas c l e a r l y shown. Each sub-area i s 
then a l l o c a t e d a unique index number, and t h i s i s i n s e r t e d on t o the 
o u t l i n e map, i n t h e centre o f t h e appropriate sub-area ( f i g u r e 3*2.). 
The choice of a s u i t a b l e sequence of index numbers may depend to a l a r g e 
e x t e n t upon the way i n which the b u l k of the data f o r mapping has been 
c o l l a t e d . I n the case of County Durham, f o r example, the most appropriate 
sequence was perhaps t h a t employed f o r most census and o f f i c i a l purposes -
v i z . a l p h a b e t i c a l l y w i t h i n County Borough, Urban D i s t r i c t and Rural 
D i s t r i c t categories. 
The scale of the base map must be consistent w i t h the size o f the 
g r i d o v e r l a y . A base map which i s too small may r e s u l t i n a very small 
and coarse computer map, d i s p l a y i n g a marked l o s s o f shape i n the o u t l i n e 
o f i n d i v i d u a l sub-areas, and a considerable l o s s of d e t a i l i n the f i n i s h e d 
map. On the other hand, one which i s too l a r g e may necessitate the pro-
d u c t i o n of the computer map i n two or more separate sections. Besides 
being more expensive i n terms of computer time, the process would also 
demand a f a r greater expenditure of time i n p i e c i n g the i n d i v i d u a l map 
sections together. This i n i t s e l f would defeat the o r i g i n a l object of 
the e x e r c i s e , which was t o reduce the time and e f f o r t taken i n producing 
mapped data. 
( l ) The normal t e l e p r i n t e r c a r r i a g e w i d t h i s composed of 130 characters. 
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As a rough guide, the o r i g i n a l maps of County Durham shown i n 
f i g u r e s 4.6. t o 4.10. were composed of 105 columns and 46 rows of 
characters, making a t o t a l o f 4,830 i n d i v i d u a l g r i d c e l l s . I n t h i s 
case, the f i n i s h e d computer maps measured 10" x 8", w i t h o u t the trimmings 
of border and legend. 
3*2.3. The basic g r i d m a t r i x 
The c o n s t r u c t i o n of the basic g r i d m a t r i x attempts t o define the 
shape and a r e a l e x t e n t of the sub-areas of the map i n terms of s p a t i a l 
coordinates. 
The gridded overlay i s conveniently p o s i t i o n e d on t o p of the 
chorographic base, and then each g r i d c e l l i s supplied w i t h the index 
number of the sub-area over which i t i s l o c a t e d . For example, i n the 
sample data given i n f i g u r e 3»3», f o r row N a l l the g r i d c e l l s contained 
i n columns 8-16 i n c l u s i v e wovJd be a l l o t t e d the index number 1, r e f e r -
r i n g t o sub-area 1; and g r i d c e l l s from columns 17-26 i n c l u s i v e would be 
given the index number 2, and so on. I n those areas which are t o remain 
unshaded - i . e . a l l those areas l y i n g outside the boundary of the base 
map, or areas r e p r e s e n t i n g lakes, r i v e r s and seas - the g r i d c e l l s are 
supplied w i t h an index number of zero. Where a boundary between adjacent 
sub-areas d i s s e c t s a p a r t i c u l a r g r i d c e l l , the sub-area c o n s t i t u t i n g the 
greater part of t h a t g r i d c e l l takes precedence, and the index number of 
t h a t sub-area i s assigned accordingly t o the whole g r i d c e l l . At the end 
of each row, a te r m i n a t o r ( a r b i t r a r i l y f i x e d as any number i n excess of 
998) i s supplied, immediately f o l l o w i n g the d e f i n i t i o n o f the f i n a l 
meaningful g r i d c e l l which i s r e q u i r e d t o be mapped. The process i s then 
repeated f o r the next and a l l subsequent rows of g r i d c e l l s . 
I n order t o s i m p l i f y t h i s whole process, the procedure i n d i c a t e d 
i n f i g u r e 3.3. has been adopted; whereby only those g r i d c e l l s which 
immediately precede boundaries between sub-areas are p r e c i s e l y l o c a t e d 
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and defined. A l l the other g r i d c e l l s i n t h a t row are then automati-
c a l l y indexed by the computer programme. 
I n f i g u r e 3»3« the samplo data i n p u t f o r row N may be seen t o 
c o n s i s t of a number of data couplets : the f i r s t f i g u r e r e p r e s e n t i n g 
the sub-area index number, and the second denoting the column i n which 
t h a t p a r t i c u l a r sub-area comes t o an end. Thus the couplet 0 and 7 
s i g n i f i e s t h a t the g r i d c e l l s of the f i r s t seven columns of row N are 
t o be l e f t blank: the f o l l o w i n g couplet of 1 and 16 i n d i c a t e t h a t a l l 
g r i d c e l l s from columns 8-16 i n c l u s i v e are t o be supplied w i t h an index 
number of 1. This process i s continued u n t i l the t e r m i n a t o r i s 
encountered; whereupon the whole procedure i s repeated f o r row N+l, and 
then f o r row N+2 and so on, u n t i l the g r i d m a t r i x f o r the whole map i s 
complete. 
Despite the apparent tediousness of c o n s t r u c t i n g the basic g r i d 
m a t r i x (as described above); w i t h a l i t t l e p r a c t i c e , the o p e r a t i o n may 
be accomplished i n a remarkably s h o r t time p e r i o d , e s p e c i a l l y where the 
i n d i v i d u a l sub-areas being mapped are l a r g e . For example, i n the case 
of the g r i d m a t r i x f o r the map of County Durham (used i n f i g u r e s 4»6. t o 
4*10.), the time taken i n p r e p a r a t i o n was approximately 45 minutes, which 
was equivalent t o the time taken i n the p r e p a r a t i o n of a s i n g l e choro-
graphic map of the County by conventional methods. 
However, once t h i s basic g r i d m atrix has been prepared, i t may be 
u t i l i s e d over and over again w i t h the MAP programme, to generate any 
number of d i f f e r e n t maps of the same area. I n each case, a l l t h a t has 
t o be changed i s the data r e f e r r i n g t o the v a r i a b l e being mapped. 
3.2.4. Selection of a s u i t a b l e v a r i a b l e 
Almost any v a r i a b l e may be selected f o r p l o t t i n g , provided t h a t a 
numerical value i s a v a i l a b l e f o r each of the sub-areas contained w i t h i n 
the map. The computer programme i s not capable i t s e l f of supplying 
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missing items of data, either by in t e r p o l a t i o n or any other means. 
As a general r u l e , the values f o r any given variable should always 
be p o s i t i v e . The inclusion of negative values induces double shading, 
or shading of areas which should have remained blank. For t h i s reason, 
the p l o t t i n g of deviations from zero, and i n particular the mapping of 
regression residuals, i s impracticable, unless there i s substantial 
modification to the basic programme. 
I n addition, i t i s important to ensure that the individual values 
for any given variable are collated i n exactly the same l o g i c a l sequence 
as noted above i n section 3°2.2. 
j.2.5. Class int e r v a l s 
Depending on the nature and range of values to be mapped, suitable 
class intervals must be determined to ensure an appropriate d i s t r i b u -
t i o n a l pattern i n the finished computer map. I n the present map programme, 
described herein, a single option of only f i v e class intervals (and 
shading types) i s provided. However, t h i s basic number may be conveniently 
increased by a s l i g h t modification of statement number 7» and the i n s e r t i o n 
of additional statements immediately following statement number 68 
(figure 3*4*)• I n the case of the computer maps shown i n figures 4.6. 
to 4»10« (inclusive) the f u l l range of 7 shading types are i n f a c t 
employed. 
The f i v e shading types adopted i n the present map programme ranged 
from a s o l i d black symbol - produced by overprinting the characters 
'0', 'X1, 'A' and 'V - at the upper end of the scale, to a simple '=* 
character at the lower end. Intermediate shading types were produced by 
superimposing the character 'X' on top of an *0'; overprinting *-' on 
an '0', and by p r i n t i n g a simple '01. 
As i n the case of conventional choroplethic mapping, the effects 
of skewness i n a particular d i s t r i b u t i o n may be considerably reduced by 
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employing a system of o c t i l e s or q u i n t i l e s , or a l t e r n a t i v e l y by 
selecting appropriate class intervals on the simple arithmetic or 
geometric scales. 
3«3« Programme specifications 
A copy of the l i s t i n g f o r the MAP programme i s given i n f i g u r e 3>k-, 
and the corresponding flow diagram i s shown i n figure 3»5« From the 
l a t t e r i t may be seen that the programme i t s e l f consists of four d i s -
t i n c t i v e steps, which are as follows:-
i ) The input of the basic grid matrix. 
i i ) The input of the areal values f o r the variable t o be 
mapped. 
i i i ) The output of the computer map. 
i v ) The output of the legend f o r the map (an optional e x t r a ) . 
The map programme i s w r i t t e n i n PL1 (Programming Language Number l ) 
and was designed f o r use on an I.B.M. 360 computer. 
3«3«1» Storage requirements 
The core storage requirement f o r the running of the MAP programme 
i s to a large extent dependent upon the size and complexity of the map 
being produced. In p a r t i c u l a r , the number of locations comprising the 
basic g r i d matrix i s of paramount importance. However,since under normal 
operating conditions a standard i.B.M. 36O machine could be expected to 
cope with up to half a m i l l i o n items of data, l i t t l e d i f f i c u l t y should 
be experienced by the user i n practice. 
3.3.2. Computation time 
The time taken i n computation i s dependent upon a considerable 
number of variables associated with the nature of the map being produced. 
However, generally speaking, the time taken i n the actual generation of 
the map w i t h i n the computer i s r e l a t i v e l y small by comparison with that 
consumed i n the p r i n t i n g out of the finished maps on the l i n e - p r i n t e r . 
The computation phase within the computer i s composed of three 
d i s t i n c t phases or steps. The f i r s t two cf these - the compile and 
l i n k - e d i t steps - consume a t o t a l of only 9 seconds of computer time. 
During t h i s time the basic programme i s read i n , interpreted by the 
computer and set up i n readiness f o r the t h i r d step - the 'go-step' -
which constitutes the actual execution phase of the programme,. The time 
taken i n t h i s f i n a l step depends to a great extent on the number of maps 
being generated at any one time, as well as the dimensions and complexity 
of the maps themselves. Time taken i n computation increases i n proportion 
to the area of the maps being produced, and not simply i n terms of the 
number of l i n e s printed. I n the same way, the production of composite 
smarting types i s a very time-consuming process, and consequently large 
areas of heavy shading, necessitating repeated over-printing, may 
increase the time taken by a factor of three. However, as a rough guide, 
the following computing times may prove useful:-
Time taken 
Dimensions of the Computer map i n 'go-step' 
3" x V* map consisting of 8 sub-areas 1.8 sees. 
11" x 8" map consisting of Ifi sub-areas 5*1 sees. 
The output phase by l i n e - p r i n t e r can vary quite substantially 
according to the capacity and capabilities of the l i n e - p r i n t e r being 
used. However, usually the time taken during t h i s phase may be i n the 
order of ten times greater than that consumed i n the actual generation 
of the maps inside the computer. Thus, whereas a map measuring 11" x 8" 
may be generated i n a matter of 5 seconds w i t h i n the computer, one or 
two minutes may be required f o r the actual p r i n t i n g out of the finished 
map. For t h i s reason i t usually i s the time taken i n the print-out 
which i s the l i m i t i n g factor i n terms of the work potential f o r the 
programme, p a r t i c u l a r l y when a large number of maps are being produced 
during a single run. 
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I n order to combat the i r r e g u l a r impression of individual 
characters produced by the average l i n e p r i n t e r , i t may be found 
preferable to employ a special carbon-lined paper during p r i n t out. 
I n t h i s way, a clear and even p r i n t i n g of maps can be obtained. 
3.4. Sample data input 
Under normal running conditions, the data may be input i n a f r e e -
format form - that i s to say, particular data items do not necessarily 
have to occupy r i g i d positions on individual data cards, providing, of 
course, that they are separated by at least one blank character i n each 
instance. I n figure 3»6. the data items have been conveniently divided 
into a number of discrete sections on i n d i v i d u a l cards, to assist i n the 
overall comprehension of the sequence. 
The example given i n figure 3»6. represents the t o t a l data input 
required to generate a single map using the MAP programme. The finished 
map would contain 3 sub-areas, and would measure 23 columns i n width and 
10 rows i n depth (data cards 1-3). I n t h i s p a r t i c u l a r case, the variable 
being mapped i s 'persons per acre', and the threshold values between 
class intervals are 5» 10, 15 and 20 persons per acre respectively 
(data cards 4-5). Card 6 contains a t r i g g e r number, which i f greater 
than ten produces a legend and scale at the end of each computer map. 
However, should t h i s number be less than 10, then these optional extras 
are suppressed and only the map i t s e l f i s generated i n each case. 
The next 10 cards of the data deck constitute the basic g r i d matrix 
of the map; the construction of which i s described i n figure 3.3« and 
section 3*2.3. above. 
Immediately a f t e r the basic g r i d matrix, the t i t l e of the f i r s t 
map appears, followed i n turn by the individual values f o r each of the 
sub-areas. The f i r s t map i s then printed out together with a legend 
and scale should t h i s be required by the condition of the i n i t i a l t r i g g e r 
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factor (card 6 ) . Having reached t h i s point, a second tr i g g e r f a c t o r 
(MM) i s read i n to determine the subsequent course to be followed by 
the programme. I f MM i s less than an a r b i t r a r y value of 10, then the 
programme recycles i t s e l f by reading a second map t i t l e together with 
a new set of sub-area values. A second map i s then generated and output. 
This recycling process continues u n t i l MM i s found to be more than 10, 
whereupon the programme i s terminated. 
3.5. Conclusion 
The major advantage of employing a computer to produce simple 
choroplethic maps l i e s i n the economies of both time and e f f o r t involved 
i n the actual p l o t t i n g of data values and subsequent l i n e shading. By 
using a computer, a large number and variety of maps may be generated 
i n the space of a few minutes of actual computer time, This allows the 
research worker to be se?.ective i n the choice of maps to ai d his analysis, 
rather than relyi n g upon a l i m i t e d number of dis t r i b u t i o n s which he has 
had time to map by hand. 
During the process of computer mapping by l i n e p r i n t e r , a measure 
of cartographic sophistication inherent i n the average hand-drawn map 
i s inevitably l o s t . Individual boundaries are i n the main r e l a t i v e l y 
i n d i s t i n c t and most i f not a l l the constituent sub-areas of the map 
undergo some form of d i s t o r t i o n (or ' r a t i o n a l i s a t i o n ' ) i n t h e i r overall 
spatial configuration. I t i s also impossible to introduce as many 
subtleties of tone i n the shading ranges employed, because of the l i m i t e d 
number of suitable character combinations available on the average l i n e -
p r i n t e r type-face. 
Notwithstanding the nature of the disadvantages noted above, choro-
plethic mapping by computer has a valuable contribution to make to geo-
graphic research i n general, by vi r t u e of the speed at which a considerable 
volume of data may be conveniently translated i n t o a graphic form which 
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i s readily comprehensible. In the context of the present study, the 
method was found to have a particular application to the investigation 
of the more dynamic aspects of disease, including the epidemic sproad 
of measles discussed i n chapter k. below. 
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S E C T I O N I I 
MORBIDITY 
"Diseases manifest multiple personalities j u s t as do l i v i n g 
creatures and social i n s t i t u t i o n s . The various moods which they 
display i n d i f f e r e n t circumstances and at any given time r e f l e c t 
the dominant aspect of the relationship between the disease 
process and the l i f e of man. i n society." 
Rene and Jean Dubos (1953) 
The V/hite Plague: Tuberculosis 
Man and Society, p.3« 
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Chapter 4 
Measles i n County Durham 1961-65 
4.1. Introduction 
Of the 50 or so viruses already known to produce human disease, 
the measles virus i s by f a r the most common agent of i n f e c t i o n i n 
terms of n o t i f i a b l e disease i n England and Wales. However, unlike 
many of the other viruses, measles appears to accept only man as i t s 
natural host, and depends e n t i r e l y upon transfer from one human being 
t o another. (Taylor and Knowelden 1964*107). Moreover, i t would 
appear that "there i s l i t t l e evidence that measles virus persists on 
inanimate objects" ( i b i d : 1 0 8 ) , which suggests that the reservoir of 
in f e c t i o n for measles lays e n t i r e l y w i t h i n the human host. The mode 
of transmission of the virus i s i n the form of a droplet i n f e c t i o n 
derived from the upper respiratory t r a c t . I n t h i s way, minute moisture 
nuclei containing the virus may remain suspended i n the a i r f o r con-
siderable periods of time. Thus i t may be seen that physical propin-
quity of individuals may not necessarily constitute a sine qua non, 
although i n r e a l i t y t h i s factor i s a powerful influence i n promoting 
the necessary quantum of infection to e l i c i t the c l i n i c a l manifestation 
of measles. 
I n t h e i r study of the epidemiology of measles, Stocks and Karn 
(1928) stress the fact that measles i s predominantly a disease of 
childhood, or at any rate i n any society where the virus i s endemic. 
A single attack appears to confirm permanent immunity upon an i n d i v i d u a l , 
except i n about two par cent of cases, where a second or even more 
attacks are experienced. I n the vast majority of cases, the age at 
which the disease i s contracted i s associated with the f i r s t major 
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period of communication with other children from outside the immediate 
family c i r c l e . This usually corresponds to the i n i t i a l entry of a 
pa r t i c u l a r c h i l d into school or kinderyerten. Consequently, i t may 
be seen that i n a given neighbourhood i t i s the school which must 
ultimately be regarded as the ijnmediate 'reservoir of i n f e c t i o n ' . 
A characteristic feature of the disease i s the biennial period-
i c i t y of epidemics, a point which i s adequately discussed by Stocks 
and Karn (1928). This particular phenomenon may be explained i n terms 
of the 'quantum theory' propounded by G i l l (1928), which rests upon 
the principle of the balance between the 'infection' and 'immunity' 
factors of a par t i c u l a r epidemiological s i t u a t i o n . I n effect the 
theory postulates th a t , "a breakdown of quantitative equilibrium 
between the amount of i n f e c t i ' u agent being d i s t r i b u t e d and the com-
munal immunity of the population i s the determining factor i n epidemic 
causation." (Stocks and Karn 1928:362). Since a single attack of 
measles confers v i r t u a l immunity f o r l i f e , i t would appear quite 
obvious that following a major epidemic an adequate time period mus.t 
necessarily elapse to f a c i l i t a t e the recovery of the population, 
whereby i t i s again susceptible to i n f e c t i o n by measles. This process 
of recovery may be achieved i n one of two ways; either by the i n t r o -
duction of v i r g i n susceptibles by immigration or b i r t h (Kermack end 
McKendrick 1927-39) or by the recovery of a large number of individuals, 
who appear to obtain a 'temporary immunity' to the disease through 
coming i n t o close contact with the virus during a previous epidemic, 
without actually contracting the disease i t s e l f . I n t h i s connection 
Stocks and Karn point out that "the only explanation which seems 
possible i s that the majority of children intimately exposed to infec-
t i o n who escape contracting measles at the time become immunised, and 
that such laten t immunity gradually disappears" (Stocks and Karn 1923*380). 
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This process of l a t e n t immunity appears to agree favourably with the 
biennial p e r i o d i c i t y concept, i n so f a r as i t has been demonstrated 
that the effect of t h i s temporary immunity appears to wear off a f t e r 
a period of approximately two years. 
I t would therefore seem possible that the existence of a large 
reservoir of susceptibles would be a necessary pre-condition f o r the 
onset of widespread epidemic conditions. Indeed, Wilson goes so f a r 
as to state quite categorically that, "there i s no evidence of the 
epidemicity being determined by atmospheric or s i m i l a r l y widespread 
conditions. I t i s probably determined f o r the most part by the accu-
mulation of susceptible population." (Y/ilson 1905)' However, the 
author i s convinced that whereas t h i s process of accumulation i s 
indeed an important pre-condition f o r epidemic spread, there nust 
inevitably exist an additional 'trigger f a c t o r 1 to act as the catalyst 
f o r epidemicity. I t was the search f o r such a t r i g g e r factor that l e n t 
added import to the present study. 
4.2. Data _ - -
4.2.1. Sources 
The basic s t a t i s t i c s u t i l i s e d i n t h i s study were derived from 
the weekly returns of b i r t h s , deaths, infectious diseases and weather 
(Registrar General) f o r the period 1961-65 inclusive. Weekly t o t a l s 
of n o t i f i c a t i o n s were collated f o r the f i v e year period f o r each of 
the l o c a l authority areas of County Durham. For the sake of compari-
son the weekly t o t a l s of n o t i f i c a t i o n s f o r England and Wales were also 
abstracted at the same time. The data were then punched on to computer 
cards f o r subsequent processing. 
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4*2.2. Limitations of the data 
I t should be remembered that the data abstracted from the weekly 
returns represent cases of o r i g i n a l n o t i f i c a t i o n by general p r a c t i -
tioners and others to l o c a l authorities during a p a r t i c u l a r period of 
seven days. Under these circumstances there are a number of inherent 
s t a t i s t i c a l l i m i t a t i o n s which should be borne i n mind. 
F i r s t l y there i s the chance of inaccuracy developing from the 
i n i t i a l diagnosis, since the c l i n i c a l manifestations of measles may 
often bear a s t r i k i n g resemblance to those produced by an attack of 
German measles. Although i t i s not possible to ascertain the exact 
number of incorrect diagnoses induced i n t h i s way, i t i s l i k e l y that 
i t i s r e l a t i v e l y small i n comparison with the t o t a l number of measles 
n o t i f i c a t i o n s . Furthermore, i t -.vould appear that by virtue of a certain 
r e c i p r o c i t y i n incorrect diagnosis, the absolute effects of t h i s source 
of error may indeed be even less. Whereas a number of German measles 
cases may be n o t i f i e d as measles, the reverse may equally be true. 
Non-registration of cases appears to present the greatest poten-
t i a l source of error i n the basic data, and a f a c t o r f o r which i t i s 
extremely d i f f i c u l t to make allowance during subsequent analysis. The 
f a i l u r e to report a c l i n i c a l case of measles may r e s u l t from the con-
scious attempt by the parent or family to conceal the fact of disease 
w i t h i n the household. On the other hand a f a r more l i k e l y cause of 
non-registration may l i e with the family doctor who may f a i l to n o t i f y 
cases to the appropriate l o c a l authority. Whereas, measles i s n o t i f i -
able by law under the terns of the Infectious Diseases Act of 1888, many 
doctors consider that the 2/6d n o t i f i c a t i o n f e i ^ i s not a s u f f i c i e n t 
inducement to make n o t i f i c a t i o n a worthwhile undertaking, p a r t i c u l a r l y 
This fee f o r n o t i f i c a t i o n was increased to 5/-d with effect from 
1968. 
o 
EC 
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County Durham 
D a r l i n g t o n C.B. 
Gateshead C D . 
South S h i e l d s C.B. 
Sunderland C.B. 
West H a r t l e p o o l C.B. 
Barnard C a s t l e U.D. 
Dill i n g h a m U.D. 
Bishop Auckland U.D. 
Blaydon U.D. 
Boldon U.D. 
Brandon U.D-
C h e s t e r - l e - S t r e e t U.D. 
Consett U.D. 
Crook U.D. 
Durham M.3. 
F e l l i n g U.D. 
Ha r t l e p o o l M.B. 
Hebburn U.D. 
Hetton-le-Hole U.D.. 
Houghton-le-Spring U.D. 
Jarrow M.B. 
Ryton M.D. 
Seaham U.D. 
Shil d o n U.D. 
Spennymoor U.D. 
St a n l e y U.D. 
Stockton M.B._ 
Tow Law U.D. 
Washington U.D. 
Whiclcham U.-D. 
Barnard C a s t l e R.D. 
C h e s t e r - l e - S t r e e t R.D. 
Dar l i n g t o n R.D. 
Durham R.D. 
Easi n g t o n R.D. 
La n c h e s t e r R.D. 
Se d g e f i e l d R.D. 
Stockton R.D. 
Sunderland R.D. 
Veardale R.D. 
1961 1962 1963 1964 1965 
30,678 3,404 27,346 :9,711 16,411 
1,720 
2,723 
2,061 
4,653 
1,051 
211 
180 
652 
552 
355 
506 
281 
841 
510 
372 
1,350 
325 
876 
465 
658 
798 
304 
572 
142 
207 
676 
l,09O 
77 
609 
646 
414 
676 
401 
506 
1,620 
288 
581 
34 
614 
89 
5 1 
32 
27 
67 
2 3 
3 
1 2 1 
48 
254 
462 
199 
18 
82 
244 
155 
7 
42 
107 
6 
13 
129 
43 
16 
238 
43 
118 
13 
11 
225 
33 1,010 
202 1,130 
1,210 
2,107 
2,040 
4,106 
1,232 
12 
407 
678 
419 
278 
481 
275 
796 
175 
304 
813 
467 
290 
144 
560 
609 
239 
695 
413 
276 
4 7 
393 
533 
338 
479 
719 
525 
35 2,030 
98 319 
35 
76 
161 
7 
430 
65 
280 
2 7 
660 
876 
811 
,684 
280 
72 
333 
357 
71 
160 
136 
47 
52 
379 
48 
172 
110 
268 
31 
48 
234 
8 
243 
92 
97 
54 
511 
2 
20 
110 
88 
102 
132 
121 
481 
18 
133 
54 
570 
40 
529 
1,140 
1,149 
1,847 
7 1 7 
320 
350 
778 
344 
98 
211 
148 
524 
249 
206 
332 
207 
217 
106 
545 
292 
163 
147 
211 
343 
491 
670 
12 
364 
427 
214 
652 
281 
445 
930 
155 
153 
36 
113 
291 
T o t a l 
1961-65 
87,550 
4,167 
7,100 
6,523 
12,489 
3,295 
697 
1,514 
2,580 
1,393 
933 
1,441 
757 
2,226 
1,442 
973 
2,683 
1,109 
1,889 
746 
1,854 
2,051 
714 
1,670 
869 
1,148 
2,264 
3,603 
189 
1,418 
1,743 
1,121 
1,932 
1,536 
1,718 
5,096 
878 
1,332 
265 
1,738 
454 
Mean Annual 
N o t i c a t i o n 
Rate ( per 100.000 ) 
1154 
990 
1,375 
1,187 
1,317 
855 
1,64? 
736 
1,419 
906 
818 
1,451 
798 
1,143 
1,143 
936 
1,475 
1,255 
1,514 
854 
1,206 
1,428 
1,032 
1,177 
938 
842 
766 
887 
1,292 
1,381 
1,371 
1,317 
938 
1,288 
980 
1,196 
1,202 
722 
546 
1,225 
1,072 
Table Q.1. N o t i f i c a t i o n s of Measles i n County Durham 1961-65. 
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i n the case of a r e l a t i v e l y t r i v i a l childhood disease .ouch as measles. 
Furthermore there may be the addi t ional source of e r ror introduced as 
a resu l t of the l a t e n o t i f i c a t i o n of cases. This can o f t en produce 
an unrepresentative skew i n the temporal pat tern of incidence, p a r t i -
cu la r ly i n the more remote r u r a l areas where general p rac t i t ioners may 
n o t i f y cases of measles to the l o c a l health au thor i ty up to a week or 
so a f t e r the actual onset and diagnosis of disease. 
4»2.3. I n i t i a l data processing 
A simple computer programme was devised to convert the weekly 
n o t i f i c a t i o n s of measles to weekly n o t i f i c a t i o n rates f o r the f i v e 
year period under consideration. The population f igures f o r the 1961 
census returns were applied to the weekly t o t a l s of n o t i f i c a t i o n s to 
y i e l d n o t i f i c a t i o n rates per 100,000 persons, f o r each of the 1+0 l o c a l 
au thor i ty areas w i t h i n the County. 
However, i t soon became apparent thab the use of weekly s t a t i s t i c s 
would prove completely inappropriate f o r the purposes of mappingj since 
only a small number of cases were n o t i f i e d per week, except"during 
periods of widespread epidemicity. Under these circumstances, i t was 
decided t o compound the weekly t o t a l s to produce monthly case rates, 
thereby hopeful ly reducing the e f f ec t s of chance f l uc tua t i ons induced 
by small samples. For t h i s purpose, i nd iv idua l weekly returns were 
assigned to an appropriate calendar month on the basis of t h e i r 
' t e rmina l da te 1 . That i s t o say, a pa r t i cu la r re turn ' f o r the week 
ending March 1st 1963', would be included i n the monthly t o t a l f o r 
March, despite the f a c t that s ix out of the seven days i n that week 
re la ted to n o t i f i c a t i o n s recorded during the previous month. To f a c i l i -
ta te general comparability between monthly case ra tes , the concept of 
a 'standardised four week month' was adopted. Any month being assigned 
f i v e weekly returns had i t s absolute number of n o t i f i c a t i o n s f o r the 
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month reduced by a f a c t o r of 4/5« Appropriate n o t i f i c a t i o n rates were 
then recalculated on the basis of the 'standardised four week month' 
f o r each of the 40 l o c a l au tho r i t i e s . Ey applying these standardised 
data to the computer mapping programme described i n chapter 2 above, 
a series of 60 maps of monthly n o t i f i c a t i o n rates f o r measles was 
obtained ( f igures 4«6- to 4-10. i n c l u s i v e ) . 
4.3. Epidemic regimes w i t h i n County Durham 
The epidemic regime f o r measles i n County Durham appears to 
concur extremely closely wi th the observations of previous workers 
i n t h i s f i e l d , notably Wilson (190.5) and Stocks and Karn (1928). 
Figure 4*1• c lea r ly demonstrates the character is t ic b ienn ia l cycle f o r 
measles epidemics. However, during the f i v e year period there appeared 
to be two d i s t i n c t i v e trends taking place wi th respect to the regimes 
of i nd iv idua l epidemic peaks. F i r s t l y , the n o t i f i c a t i o n rates f o r the 
peak month of the epidemic declined dramatically from 500 per 100,000 
f o r the 1961 epidemic to less than 200 per 100,000 during the 1964-65 
epidemic period. -Secondly, the epidemic periods themselves appeared 
to be ge t t ing progressively wider-based. That i s to say epidemic con-
d i t ions prevailed f o r a f a r longer time span, thereby reducing the 
inter-epidemic period. With only three epidemic periods under consider-
a t ion , i t i s c l ea r ly unwise to draw more than ten ta t ive conclusions 
from these trends although there are a number of influences which could 
be invoked to explain these changes. I n pa r t i cu l a r , there i s the 
p o s s i b i l i t y that the increasing appl ica t ion of innoculation amongst 
schoolchildren could w e l l be producing such e f fec t s i n the overa l l 
pattern of n o t i f i c a t i o n s . With the increasing percentage of ' a r t i f i c i a l 
immunes' i n the population, an inherent impedence to the passage of 
i n f e c t i o n through the community would be introduced, thereby promoting 
a f a r more ahrhythinic transmission of the disease. At the same t ime, 
EPIDEMIC REGIMES FOR MEASLES IN CO. DURHAM 
Case Rates par lOO.OCC 
800 800 
7C0 700 
SUNDERLAND C . B 600 HOUGHTON • LE - SPRING U.D. 600 
500 500 
400 400 
300 300 
200 2U0 
100 100 
L 0 
961 1962 1963 1961 1965 1961 1962 1963 1961 965 
700 700 
600 500 
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Figure 4-3. 
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the removal of susceptibles from the population at r i s k , by means of 
innocula t ion, would inev i t ab ly reduce the absolute size of subsequent 
epidemics. 
On the other hand i t might be argued that the trends noted i n 
the epidemic regimes f o r County Durham may merely r e f l e c t a stage i n 
a much longer-term cycle which may also be regarded as character is t ic 
of the disease. Wilson (1905:80) i n h is paper e n t i t l e d "Measles: i t s 
prevalence and m o r t a l i t y " , suggests that apart from the b i enn ia l t rend, 
there i s also "a p e r i o d i c i t y among the epidemic years themselves, i n d i -
cated by a r ise at every t h i r d epidemic." I n add i t ion , there i s also a 
suggestion of a s t i l l wider c y c l i c a l change spanning a period of 
between twelve and f i f t e e n years. 
When a more detai led study was made of the epidemic reenznes f o r 
ind iv idua l l o c a l au thor i ty areas, i t was discovered that the s i t ua t i on 
was not nearly so simple as at f i r s t imagined. Indeed, i n many cases 
the 1962-63 and/or the 1964-65 epidemic waves exhibi ted a subs tan t ia l ly 
higher peak monthly incidence than the f i r s t epidemic season of 1961. 
As a r e s u l t , a comparative study was undertaken by mapping the dominant 
epidemic season f o r each l o c a l au thor i ty as indicated by the peak month 
n o t i f i c a t i o n rate i n each case ( f i g u r e 4»2.)^"^ At the same time a 
number of epidemic regimes were constructed f o r selected l o c a l a u t h o r i -
t i e s to demonstrate both the nature and the extent of t h i s v a r i a t i o n 
( f i g u r e 4.3.) . 
From f i g u r e 4»2. i t may be seen that the County divides i t s e l f 
i n to three d i s t i n c t i v e zones, each of which exhibi ts a d i f f e r e n t 
dominant epidemic cycle. I n Wearside, Tyneside and north-west Durham 
( l ) However, i t must be borne i n mind that the "highest peak i n an 
epidemic does not always indicate the extent or mass of the epidemic. 
Some epidemics r ise quickly to a great height, and f a l l as qu ick ly , 
while others, which do not r i se so high, cover a longer period of time. 
(Wilson 1905:67). 
MEAN ANNUAL INCIDENCE OF MEASLES IN ENGLAND AND 
NOTIFICATIOS N PER 100,000 
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( w i t h the exception of the urban d i s t r i c t of Stanley) the 1961 wave was 
c lea r ly the dominant epidemic cycle, thereby r e f l e c t i n g the regime f o r 
the County as a whole ( f i g u r e 4.1.)- Sunderland C.B. ( f i g u r e 4.3.) was 
selected as exh ib i t ing a t y p i c a l regime of t h i s type. The south-east 
of the County, extending from Seaham to Darlington R.D., could be d i s -
tinguished as the second zone, i n which the 1962-63 epidemic was 
dominant. I n t h i s case the r u r a l d i s t r i c t of Easington was selected 
as representative. The notable exceptions to t h i s second consolidated 
zone were provided by Darlington C.B. and Stockton M.B. i n which the 
1961 epidemic was c lea r ly dominant. This also applied to the sparsely-
populated south-western area of the County comprising the urban and 
r u r a l d i s t r i c t s of Barnard Castle. 
The t h i r d and f i n a l zone, centred upon the c lus ter of ur^an 
d i s t r i c t s of south-west Durham and incorporat ing the r u r a l d i s t r i c t s o f 
Durham, Chester-le-Street and Weardale, recorded the 1964-65 c y c l e a s 
the dominant epidemic wave. Bishop -Auckland may be deemed t y p i c a l of 
t h i s type of regime. However, i n t h i s case the degree of dominance was . 
not nearly so wel l -def ined as i n the other two zones noted above. More-
over, i t was noted that at the boundaries between each of these three 
major zones, there appeared to be a tendency f o r l o c a l au thor i t i e s t o 
adopt a composite regime. For example, i n the case of Houghton-le-Spring 
( f i g u r e 4»3») although the 1961 cycle was c l ea r ly dominant, the t h i r d 
epidemic cycle 1964-65 occupied the second pos i t ion , thereby r e f l e c t i n g 
the area's proximity to the zone dominated by the t h i r d epidemic cycle . 
4.4. The spa t ia l d i s t r i b u t i o n of measles 
4.4.1» The nat ional s i t u a t i o n 
Figure 4.4. provides an overa l l picture of measles incidence i n 
England and Wales during the period 1961-65. Quite obviously i n the 
M E A N A N N U A L I N C I D E N C E O F M E A S L E S 
C O U N T Y D U R H A M 1961-65 
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case of an epidemic disease such as measles i t would not be wise t o 
place too rauoh emphasis upon the in t e rp re t a t ion of a map constructed 
f o r such a protracted time period. Nevertheless, i t i s perhaps 
•interesting to note the appearance of an extensive area of high 
incidence i n south-central England which approximates to the demo-
graphic centre of the country. I n contrast , the more remote and less 
populous d i s t r i c t s of Wales const i tute a consolidated area of low 
n o t i f i c a t i o n rates. County Durham, whi l s t not outstanding i n terms of 
i t s absolute n o t i f i c a t i o n rates, does however emerge as a s i g n i f i c a n t 
area of high incidence, bearing i n mind i t s r e l a t i v e importance in 
demographic terms. 
4..4»2. County Durham 
During the period 1961-65 j u s t over 87,500 cases of measles were 
n o t i f i e d f o r County Durham and i t s associated county boroughs, y i e l d i n g 
a mean annual n o t i f i c a t i o n rate of 1,154- per 100,000. Figure 4-»5« 
shows the spa t ia l d i s t r i b u t i o n of mean annual n o t i f i c a t i o n rates by 
l o c a l au thor i ty f o r the f i v e year period. I t i s i n t e res t ing to note 
that there was i n f a c t as much v a r i a t i o n i n incidence w i t h i n the County 
as had been noted f o r England and Wales as a whole ( f i g u r e 4.4* and 
table 4« l0- Tw° d i s t i n c t areas of high n o t i f i c a t i o n rates emerge from 
the map. The f i r s t of these,, located i n South Tyneside, centred on the 
urban d i s t r i c t s of F e l l i n g , Hebburn and Jarrow, and extending south i n to 
Y/earside, i s by f a r the more s i gn i f i c an t at leas t i n demographic terms. 
Furthermore, as w i l l be shown l a t e r t h i s i s the area which appears to 
act as the gathering ground f o r i n f e c t i o n before an epidemic occurs. 
Secondly, there i s a less wel l -def ined area of high n o t i f i c a t i o n rates 
to the south-west of the County, centred on Brandon and Bishop Auckland, 
and extending towards Barnard Castle. Although perhaps not p a r t i c u l a r l y 
important i n terms of the absolute number of cases recorded, i t i s 
F i g u r e s 4-6. to 4. .10 
Monthly n o t i f i c a t i o n r a t e s f o r measles i n County Durham 
1961-65 ( p e r TOO,000). 
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nevertheless extremely important from an epi d e m i o l o g i c a l p o i n t of view, 
since i t would appear t h a t i t i s here t h a t the i n f e c t i o n tends t o 
smoulder during the lo n g inter-epidomic periods. 
I n complete c o n t r a s t there i s a consolidated area of low incidence 
t o the south-east of the County, i n c o r p o r a t i n g n o r t h Teesside, West 
Ha r t l e p o o l and the r u r a l d i s t r i c t s of Sedgefield and Stockton. I n t h i s 
case, recorded n o t i f i c a t i o n r a tes were up t o l e s s than i n south 
Tyneside. The remainder of the County, i n c l u d i n g much of c e n t r a l and 
north-west Durham, recorded moderate t o low values. However, i n t h i s 
case, i t was not possible t o d i s c e r n any marked p a t t e r n or t r e n d i n the 
d i s t r i b u t i o n of incidence. 
As an i n i t i a l step i n the i n v e s t i g a t i o n of epidemic spread the 
monthly n o t i f i c a t i o n r a t e s were mapped, using the computer mapping 
programme (see chapter 3 above) producing a se r i e s of 60 chorographic 
d i s t r i b u t i o n maps f o r the dr'.sease ( f i g u r e s 1+,G. t o 4.10.). Prom a merely 
cursory examination of t h i s sequence o f maps i t was possible t o d i s t i n -
guish q u i t e c l e a r l y the three major periods of epidemic a c t i v i t y 
already suggested by f i g u r e I t was also p o s s i b l e t o recognise 
the existence of a number o f d i s t i n c t i v e f o c a l p o i n t s from which the 
measles v i r u s appeared t o be disseminated during times of e p i d e m i c i t y . 
These l o c a l i t i e s were u s u a l l y f i r s t t o experience a d i s t i n c t i v e r i s e , 
or 'onset', of the disease. Moreover, these f o c i were g e n e r a l l y found 
t o experience a more prolonged p e r i o d of epidemic a c t i v i t y than o t h e r 
p a r t s o f the County. 
At the same time, i t was possible i n c e r t a i n cases t o t r a c e the 
apparent dissemination of i n f e c t i o n i t s e l f between adjacent l o c a l 
a u t h o r i t i e s from one month t o another, thereby suggesting the existence 
of w e l l - d e f i n e d pathways of epidemic spread. 
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4.4.2.1. The 1961 Bpictemio 
I n the case of the f i r s t epidemic wave, the calendar year of 
196l was a r b i t r a r i l y adopted as the time period f o r i n v e s t i g a t i o n , 
despite the f a c t t h a t conditions of widespread e p i d e m i c i t y were 
l a r g e l y confined t o the f i r s t h a l f of the year. 
An i n i t i a l perusal of the monthly case r a t e s and f i g u r e 4*6. 
revealed t h a t the advanced signs of e p i d e i a i c i t y were already manifest 
by the January of the year. By t h a t stage, South Shields C.B., 
Stanley and H a r t l e p o o l had monthly n o t i f i c a t i o n r a tes i n excess of 
320 per 100,000. These three l o c a l a u t h o r i t i e s , together w i t h t h e 
r e l a t i v e l y i s o l a t e d urban d i s t r i c t of Barnard Castle - which l i t e r a l l y 
'exploded' i n t o epidemic a c t i v i t y d u r i n g February - were selected as 
the primary epidemic f o c i , frcm :vhich the i n f e c t i o n spread out i n t o 
surrounding areas. The high January case r a t e s f o r Easington R.D. 
and Jarrow M.B. were explained i n terms of t h e i r p r o x i m i t y t o the 
primary f o c i of H a r t l e p o o l and South Shields r e s p e c t i v e l y . 
Having postulated the f o u r primary f o c i of e p i d e m i c i t y , t h i s 
hypothesis was t e s t e d by a comparative study of the i n d i v i d u a l epidemic 
regimes f o r the other l o c a l a u t h o r i t y areas w i t h i n County Durham. This 
was achieved w i t h the a i d o f f i g u r e 4.11., a simple a p p l i c a t i o n o f the 
'wind rose 1 p r i n c i p l e . At the o u t s e t , i t must be s t a t e d t h a t t h i s 
a p p l i c a t i o n of t h i s technique i s q u i t e experimental i n an epidemio-
l o g i c a l context. As such the measure of success which has been achieved 
must be gauged o b j e c t i v e l y by the reader. Nevertheless, several 
i n t e r e s t i n g points do emerge from a closer examination of t h i s p a r t i -
c u l a r cartogram. 
F i r s t l y , w i t h the exception of small nucleated settlements such 
as Tow Law and Barnard Castle, there appeared t o be a gradual d i m i n u t i o n 
i n t o t a l incidence of measles, from n o r t h t o south, p a r t i c u l a r l y i n the 
eastern h a l f of the County. Secondly, the a r e a l d i f f e r e n t i a t i o n of the 
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i n d i v i d u a l epidemic regimes tended t o support the f o u r f o c i hypothesis, 
i n so f a r as the adjacent areas t o the f o c i experienced a r e l a t i v e l y 
e a r l y peak month, as compared w i t h more remote a u t h o r i t i e s . Thus in. 
the case of Barnard Castle, a steady m i g r a t i o n of i n f e c t i o n can be 
discerned: the peak month o c c u r r i n g i n D a r l i n g t o n R.D. i n March; 
Barnard Castle R.D. and D a r l i n g t o n C.B. i n A p r i l ; and f i n a l l y Weardale 
i n May„ 
I n the case of the more remote areas - 1 remote' i n the sense of 
being removed from the epidemic f o c i - n o r t h Teesside and south-west 
Durham proved t o be of p a r t i c u l a r e p i d e m i o l o g i c a l i n t e r e s t . I n both 
cases, the oi'igin of the i n f e c t i o n appeared from the cartographic 
evidence t o have been the northern f o c i of Stanley and South Shields 
r e s p e c t i v e l y . For t h i s reason the a r r i v a l of the epidemic pv.k appears 
t o have been retarded i n b o t h cases; o c c u r r i n g d u r i n g May i n the r u r a l 
d i s t r i c t s of Sedgefield and Stockton; June a t Bishop Auckland; J u l y a t 
Stockton M.B. and B i l l i n g h a m ; and f i n a l l y d u r i n g August a t Spennymoor. 
I t i s perhaps i n t e r e s t i n g t o note t h a t t h i s s i t u a t i o n i s a t variance 
w i t h the f i n d i n g s of V/ilson (1905:68) who s t a t e s t h a t although the 
month o f peak e p i d e m i c i t y could vary q u i t e s i g n i f i c a n t l y , i n p a r t i c u l a r 
l o c a l i t i e s from year t o year, the months of J u l y and August d i d not 
appear t o support such epidemic c o n d i t i o n s . 
Since f o r the purposes of primary a n a l y s i s , f i g u r e 4.11. was 
deemed t o be r a t h e r complex, the fundamental elements of epidemic spread 
d u r i n g the year viere subsequently i n v e s t i g a t e d by means of the 'centre 
of g r a v i t y ' p r i n c i p l e ; a method which had been s u c c e s s f u l l y a p p l i e d t o 
the study of the spread of i n f l u e n z a i n England and Wales during the 
epidemic of 1957 (Hunter and Young, 1969). I n i t i a l l y the c e n t r o i d a l 
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c o o r d i n a t e s ^ ^ were c a l c u l a t e d on a weekly b a s i s , and then p l o t t e d on 
t o a s u i t a b l e chorographic base map. However, because of the s t a t i s -
t i c a l i n s i g n i f i c a n c e of the weekly f i g u r e s , p a r t i c u l a r l y during the 
l a t t e r h a l f of the year, the r e s u l t a n t centrogram p a t t e r n was so hap-
hazard and complex t h a t fui'ther a n a l y s i s a t t h i s l e v e l was deemed 
i n a p p r o p r i a t e . A c c o r d i n g l y , the s i t u a t i o n was r a t i o n a l i s e d t o the 
a n a l y s i s of a c e n t r o i d a l p a t t e r n based on a s e r i e s of consecutive f i v e 
week periods ( f i g u r e 1+.12.). From t h i s map i t may be seen how, by the 
beginning of the year, the c e n t r o i d had already migrated t o the n o r t h 
o f the County, i n response to the b u i l d up of i n f e c t i o n i n Tyneside, 
p a r t i c u l a r l y i n South Shields and Jarrow. The subsequent dissemination 
of the v i r u s from these f o c a l or ' r e s e r v o i r ' areas i s r e f l e c t e d in a 
•iorrespending w e s t e r l y s h i f t i n the p o s i t i o n of the- c e n t r o i d d u r i n g 
the next three time periods, representing the development of epidemic 
con d i t i o n s over much of nor;h and west Durham. 
During periods 5-7» the t r a n s l a t i o n of the c e n t r o i d occurred i n 
a predominantly southerly d i r e c t i o n , although i n c o r p o r a t i n g a s i g n i f i -
cant e a s t e r l y component. This was i n d i c a t i v e of the f a c t t h a t the 
no r t h e r n areas had already undergone the major p a r t of t h e i r epidemic 
regime, which f a c i l i t a t e d the r e l a t i v e r i s e t o dominance of the c e n t r a l 
and south-eastern areas of the county. During the l a s t f o u r time 
periods ( 8 - l l ) the c e n t r o i d continued t o migrate q u i t e s u b s t a n t i a l l y , 
p a r t i c u l a r l y between periods 9 and 10. However, be a r i n g i n mind the 
r e l a t i v e l y small number of measles cases recorded towards the end of an 
epidemic p e r i o d , i t would appear t h a t the l o c a t i o n of the c e n t r o i d i s 
( l ) A c e n t r o i d , or centre of g r a v i t y , may be defined as t h a t p o i n t a t 
which a given s p a t i a l d i s t r i b u t i o n would balance, i f each i n d i v i d u a l 
of the d i s t r i b u t i o n were considered t o have the same mass; thereby 
e x e r t i n g a f o r c e p r o p o r t i o n a l to i t s distance away from the c e n t r a l 
p o i n t . As such, the c e n t r o i d may only be considered a r a t h e r crude 
index of geographical s h i f t . 
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detei^nined t o an i n c r e a s i n g extent by chance f l u c t u a t i o n i n the data. 
Consequently, a l l t h a t may be s a i d of t h i s p e r i o d i s t h a t , i n a l l 
p r o b a b i l i t y , there was a tendency f o r the c e n t r o i d t o r e - e s t a b l i s h 
i t s e l f i n a p o s i t i o n of r e l a t i v e s p a t i a l e q u i l i b r i u m . 
4.4.2.2. The 1962-3 Epidemic 
Although t h i s second epidemic period d i d not achieve the same 
i n t e n s i t y as the f i r s t - gauged by the peak month incidence ( f i g u r e 4-l») 
the o v e r a l l number of n o t i f i c a t i o n s was i n f a c t very s i m i l a r , a t a p p r o x i -
mately 30»000. I n t h i s case the epidemic season was regarded as 
extending from October 1962 t o September 1963. 
An examination of the maps of monthly n o t i f i c a t i o n r ates f o r the 
period ( f i g u r e s k-7- and 4.8.) suggested a f a i r l y w e l l - d e f i n e d p a t t e r n 
of epidemic spread. This s i t u a t i o n was r a t i o n a l i s e d by c o n s t r u c t i n g a 
map showing the month of onset of epidemic c o n d i t i o n s by l o c a l a u t h o r i t y 
( f i g u r e 4.13.)• This i s analysed i n some d e t a i l below. 
Apart from the somewhat anomalous e a r l y onset recorded f o r 
Sunderland r u r a l d i s t r i c t , there appeared t o be three separate f o c i of 
i n f e c t i o n w i t h i n the County. The most important one of these, i n terms 
of the absolute number of cases i n v o l v e d , was l o c a t e d i n south-east 
Tyneside, and centred on the urban d i s t r i c t of Hebburn which recorded 
an epidemic r i s e as e a r l y as November 1962. I t seems l i k e l y t h a t d i s -
semination o f the v i r u s took place from t h i s focus i n t o the r e s t of 
Tyneside and also southwards along the Durham coast as f a r as The 
H a r t l e pools. 
The second f o c a l area, centred on Durham C i t y , appears t o have 
produced a f a r more s i g n i f i c a n t s p a t i a l dissemination of the disease. 
Indeed, i n a l l p r o b a b i l i t y , i t s sphere of i n f l u e n c e extended t o 
Eyton in the north-west of Durham, Weardale i n the west and t o D a r l i n g t o n 
i n the south. The t h i r d and f i n a l area, e x h i b i t i n g a p a r t i c u l a r l y 
e a r l y onset, was Stockton R.D. (November 1962). However, i n t h i s case, 
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tho schematic flow l i n e s f o r the area i n d i c a t e t h a t i t s i n f l u e n c e 
would appear t c have been r e s t r i c t e d t o the immediate environs of 
Teesside. 
The remarkable d i f f e r e n c e s i n month of onset between one p a r t 
of the county and another i n the 1962-63 epidemic may help t o e x p l a i n 
i n p a r t the v a r y i n g epidemic regimes noted i n se c t i o n 4*3• above. 
Thus i n the south-east of the county, a r e l a t i v e l y l a t e onset provided 
an appreciably longer p e r i o d f o r the r e c r u i t m e n t or the replacement of 
susceptibles and also the waning of the temporary immunity f a c t o r ; 
thereby f a c i l i t a t i n g a correspondingly greater i n t e n s i t y of epidemic 
a c t i v i t y . For example, i n the case of Easington w i t h a 30 month i n t e r -
v a l between epidemic peaks, an o v e r a l l n o t i f i c a t i o n r a t e of 1,850 per 
100,000 was recorded f o r the f i v e p r i n c i p a l epidemic months (inarch t o 
J u l y I963). This compared w i t h a n o t i f i c a t i o n r a t e of only 1,254 f o r 
Hebburn (November 1962 t o March I963) w i t h only a 20 month i n t e r v a l 
between epidemics. 
4.4.2.3. The 1964-65 Epidemic 
Figure 4*1» i n d i c a t e s t h a t the 1964-65 epidemic season was com-
posed of two d i s t i n c t elements: a) a pre-epidemic r i s e from May t o 
August 1964 and b) the major epidemic period from October I964 t o 
August 1965. For the purposes of the present i n v e s t i g a t i o n of s p a t i a l 
dissemination, the pre-epidemic r i s e was omitt e d , and the epidemic 
season was deemed t o extend from October 1964 t o September 1965-
As i n the case of the previous epidemic season, an appropriate 
onset map was constructed ( f i g u r e 4*14.) from the evidence presented 
by the maps of monthly n o t i f i c a t i o n r a t e s ( f i g u r e s 4.9. and 4.10.). 
Subsequent i n t e r p r e t a t i o n , again u s i n g schematic f l o w - l i n e s , revealed 
a more complex p a t t e r n than i n the previous epidemic, although even so 
a number of i n t e r e s t i n g features emerged. 
9 1 
Two p r i n c i p a l f o c i o f i n f e c t i o n were suggested by the d i s t r i -
b u t i o n of the onset months. Prom these p o i n t s , there appears t o have 
been a widespread spread of the v i r u s . The more important of the two, 
epidemiologically-speaking, centred upon Sunderland C.B., and i n c o r -
p o r a t i n g the adjacent urban areas of Seaham, Boldon and Hebburn, and 
Sunderland Rural D i s t r i c t , experienced an epidemic r i s e during October 
1964. I n the south-west of Durham, which c o n s t i t u t e d the second f o c a l 
area, the l o c a l a u t h o r i t i e s of Crook and Bishop Auckland, t o g e t h e r w i t h 
D a r l i n g t o n R.D., a l l e x h i b i t e d a remarkably e a r l y onset during October 
1964. 
I n the f i r s t of these two areas, the immediate epidemic spread 
appears t o have been considerably l o c a l i s e d , as i s i n d i c a t e d by the 
occurrence of r e l a t i v e l y l a t e onset months f o r the adjacent l o c a l 
a u t h o r i t i e s , extending i n an arc from F e l l i n g U.D. t o Easingtcn R.D. 
On the other hand, the dissemination of the v i r u s from south-west 
Durham seems, from an examination of f i g u r e s 4.9. and 4.10., t o have 
been r a p i d and r e l a t i v e l y u n i n h i b i t e d . Furthermore, i t would appear 
t h a t the e a r l y epidemic r i s e i n Bishop Auckland and Crook represented 
merely a pre-epidemic phase. The t r u e epidemic onset d i d not occur 
u n t i l much l a t e r - v i z . March 1965« I n t h i s case the disease appears 
t o have doubled back on i t s e l f , a f t e r the i n i t i a l p e r i o d of seeding 
(Andrews 1951). I t i s t h i s p a r t i c u l a r f a c t o r which accounts f o r the 
i n c l u s i o n of two separate onset months, f o r these two l o c a l a u t h o r i t i e s 
( f i g u r e 4*14«)< 
4.5. The i n f l u e n c e of a e t i o l o g i c a l f a c t o r s i n epidemic spread 
The m a j o r i t y of previous work on the generation of measles 
epidemics has attached p a r t i c u l a r importance t o the accumulation of 
sus c e p t i b l e m a t e r i a l as the i n i t i a t i n g f a c t o r i n epidemic spread. 
Indeed Wilson (1905:81) goes so f a r as t o discount the i n f l u e n c e of 
"atmospheric or s i m i l a r l y widespread c o n d i t i o n s " . However, since 
susceptible accumulation f o l l o w i n g an epidemic phase - e i t h e r by 
b i r t h and/or immigration - i s by no means a constant process, i t i s 
perhaps d i f f i c u l t to account f o r the extreme r e g u l a r i t y of measles 
epidemics purely i n these terms. Consequently, i t was postulated 
t h a t there must be an a d d i t i o n a l f a c t o r or f a c t o r s which would act 
as a t r i g g e r or c a t a l y s t i n promoting e p i d e m i c i t y . I t was the search 
f o r such a f a c t o r which formed the major p a r t of t h i s study. The 
r e s u l t s of t h i s i n v e s t i g a t i o n are summarised below, under a number o f 
f a c t o r headings. 
4»5»1« Population s i z e 
By c o r r e l a t i n g the home population of each l o c a l a u t h o r i t y w i t h 
the corresponding n o t i f i c a t i o n r a t e s , i t was hoped t o discover whether 
or not the demographic size of settlements played a p a r t i n determining 
the incidence and d i s t r i b u t i o n of measles. 
Although a s u b s t a n t i a l number of c o r r e l a t i o n s were undertaken, 
employing the weekly, monthly and annual n o t i f i c a t i o n r a t e s f o r the 
three epidemic periods, a t no time d i d the c o e f f i c i e n t s of c o r r e l a t i o n 
achieve a s u f f i c i e n t l e v e l of s t a t i s t i c a l s i g n i f i c a n c e (0.05>P). I t 
may t h e r e f o r e be concluded w i t h a considerable measure of confidence 
t h a t settlement size i n i t s e l f appeared to be e x e r t i n g l i t t l e or no 
i n f l u e n c e upon the d i s t r i b u t i o n of measles w i t h i n the county. 
4«5»2. Bensity 
The r e l e v a n t s t a t i s t i c s f o r three i n d i c e s o f p o p u l a t i o n d e n s i t y 
were abstracted from the county census r e t u r n s f o r each l o c a l a u t h o r i t y 
as f o l l o w s : -
(a) Physical d e n s i t y , the number of 
persons per acre. 
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(b) Social d e n s i t y , the number of 
persons per room. 
( c ) Overcrowding, the percentage of 
persons l i v i n g a t more than 
I 5 persons per room. 
The necessity of considering three d i f f e r e n t density f a c t o r s , 
springs from the r e c o g n i t i o n of three d i s t i n c t l e v e l s or processes 
involved i n the a c t u a l dissemination of the disease. F i r s t l y , t h e r e 
i s the transmission of i n f e c t i o n from settlement t o settlement; 
secondly, there i s the t r a n s f e r of the v i r u s between households i n a 
p a r t i c u l a r settlement or neighbourhood u n i t ( o f t e n f a c i l i t a t e d by the 
l o c a l s c h o o l ) ; and t h i r d l y there i s the passage of the disease from 
i n d i v i d u a l t o i n d i v i d u a l w i t h i n a s i n g l e f a m i l y . 
For the epidemic year 1961, the three d e n s i t y i n d i c e s were 
c o r r e l a t e d w i t h the weekly n o t i f i c a t i o n r a t e s f o r the f o r t y l o c a l 
a u t h o r i t y areas i n County Durham. This y i e l d e d a sequence of 52 co-
e f f i c i e n t s of c o r r e l a t i o n f o r each of the d e n s i t y f a c t o r s . These were 
then p l o t t e d out as a time s e r i e s ; which f a c i l i t a t e d a v i s u a l c o r r e l a -
t i o n w i t h the epidemic regime f o r the corresponding period ( f i g u r e 4.15-)* 
I t may be seen how c l o s e l y the c o e f f i c i e n t s of c o r r e l a t i o n f o r t h e 
three i n d i c e s correspond w i t h the various stages of e p i d e m i c i t y . 
During the e a r l y stages (middle of January) a s i g n i f i c a n t a s s o c i -
a t i o n was seen t o e x i s t between the s p a t i a l d i s t r i b u t i o n of measles 
incidence and the percentage of the population l i v i n g a t more than l ^ 
persons per room. This suggested t h a t i n the pre-epidemic stages of 
the c y c l e , the v i r u s was g a t h e r i n g momentum i n the areas w i t h a high 
l e v e l of overcrowding. I n t h i s respect, the whole of Tyneside, Wear-
side and the H a r t l e p o o l area appear t o be p a r t i c u l a r l y favourable 
l o c a t i o n s , w i t h over 10$ o f the population l i v i n g a t more than l ^ 
persons per room. Indeed i t i s perhaps not s u r p r i s i n g t o discover 
t h a t three out of the f o u r designated epidemic f o c i were l o c a t e d i n 
these areas. 
From the beginning o f February t o the end of March 19ol - the 
period i n c l u d i n g the peak of the epidemic - i t was d e n s i t y per acre 
which produced the most s i g n i f i c a n t degree of a s s o c i a t i o n w i t h the 
incidence of measles. This t r e n d was i n d i c a t i v e of the dissemination 
of the i n f e c t i o n from the major epidemic f o c i t o adjacent urban areas 
of high d e n s i t y housing. However, i t appears t h a t t h i s process of 
dissemination was concentrated predominantly i n the n o r t h e r n p a r t of 
the County, and e s p e c i a l l y i n south Tyneside. This f a c t may h e l p t o 
e x p l a i n why there was no apparent a s s o c i a t i o n between the p o p u l a t i o n 
sise of l o c a l a u t h o r i t i e s and measles incidence. 
From the end o f March t o the end of A p r i l , overcrowding again 
asserted i t s e l f i n the s t a t i s t i c a l d e termination o f the disease p a t t e r n . 
This suggested t h a t the v i r u s was being disseminated even f u r t h e r 
a f i e l d d u r i n g t h i s p e r i o d , e s p e c i a l l y t o those l o c a l i t i e s e x h i b i t i n g 
a h i g h degree of n u c l e a t i o n i n a s s o c i a t i o n w i t h poor or inadequate 
housing c o n d i t i o n s - e.g. the urban d i s t r i c t s of Seaham, Hetton and 
Consett. 
During the period of epidemic wane, from the beginning of May t o 
the end of September, the c o e f f i c i e n t s o f c o r r e l a t i o n between d e n s i t y 
per acre and measles incidence were c o n s i s t e n t l y negative i n s i g n , 
although s t a t i s t i c a l l y i n s i g n i f i c a n t . This seemed t o suggest t h a t the 
v i r u s , h a v i n g run i t s course i n the major urban areas of Dui'ham, was 
now engaged upon a systematic i n f i l t r a t i o n of the more dispersed s e t t l e -
ments, p a r t i c u l a r l y i n the centre and west of the county ( c f . f i g u r e 4.6.). 
The v a l i d i t y of t h i s hypothesis was enhanced by the contemporaneous 
decline i n the degree of c o n - e l a t i o n i n v o l v i n g the overcrowding index. 
This once again was i n d i c a t i v e of the m i g r a t i o n of the epidemic wave t o 
a more dispersed s o c i a l environment. However, i t should perhaps be 
borne i n mind t h a t as the epidemic wanes the s t a t i s t i c a l s i g n i f i c a n c e 
of c o r r e l a t i o n s based upon progr e s s i v e l y smaller numbers of measles 
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n o t i f i c a t i o n s , i n v a r i a b l y declines* Thus i t i s perhaps unv/ise t o 
draw more than t e n t a t i v e conclusions from the data during t h i s p e r i o d . 
4«5«3» Meteorological f a c t o r s 
Since a l l three measles epidemics under c o n s i d e r a t i o n had 
e x h i b i t e d a markedly seasonal character - w i t h an i n i t i a l r i s e d u r i n g 
autumn or e a r l y w i n t e r , and a peak incidence o c c u r r i n g during the 
f i r s t q u a r t e r of the f o l l o w i n g year ( f i g u r e 4»1») - i t was thought 
l i k e l y t h a t p a r t i c u l a r meteorological f a c t o r s might be e x e r t i n g an 
a e t i o l o g i c a l i n f l u e n c e , i n promoting the onset of epidemic c o n d i t i o n s . 
With t h i s i n mind, an i n i t i a l i n v e s t i g a t i o n was made t o see whether 
such a r e l a t i o n s h i p or r e l a t i o n s h i p s could be proved at the l o c a l l e v e l . 
A ccordingly, monthly s t a t i s t i c s f o r nine c l i m a t i c v a r i a b l e s - i n c l u d i n g 
the parameters of temperature, r a i n f a l l , sunshine, cloud cover, a i r 
p o l l u t i o n and wind speed - f o r the Durham U n i v e r s i t y observatory were 
c o r r e l a t e d w i t h the corresponding monthly n o t i f i c a t i o n rates f o r the 
years 1961-65 i n c l u s i v e . 
Of the 100 c o e f f i c i e n t s ~ o f c o r r e l a t i o n which were obtained only 
5 proved to.be s t a t i s t i c a l l y s i g n i f i c a n t (P<0.05), and a l l o f these 
were associated w i t h the s i n g l e v a r i a b l e of a i r p o l l u t i o n . Moreover, 
even i n the case o f t h i s f a c t o r , the c o e f f i c i e n t s of c o r r e l a t i o n 
obtained were seen t o vary q u i t e considerably from year t o year, and 
they only achieved a s u f f i c i e n t degree of s t a t i s t i c a l s i g n i f i c a n c e 
(P<0.05) i n f i f t y per cent of cases. 
4.5»4« Atmospheric p o l l u t i o n 
Despite the r a t h e r unconvincing r e s u l t s obtained from the i n i t i a l 
a n a l y s i s of the meteorological parameters, the suggested, i f i n t e r -
m i t t e n t , a s s o c i a t i o n between the incidence of measles and a i r p o l l u t i o n 
was adopted as a working hypothesis f o r more d e t a i l e d i n v e s t i g a t i o n . 
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Appropriate monthly a i r p o l l u t i o n s t a t i s t i c s were c o l l a t e d f o r as 
many other sample p o i n t s as possible i n County Durham (v/arren Spring 
Laboratory) f o r the three epidemic seasons and f o r the f o l l o w i n g f o u r 
parameters:.-
(a) The mean d a i l y smoke concentration 
(b) The highest d a i l y smoke concentration 
( c ) The mean d a i l y concentration of atmosphcsric Sulphur Dioxide 
(d) The highest d a i l y concentration of atmospheric Sulphur Dioxide 
( i n each case the concentration i s given i n microgrammes per cubic 
metre). 
At the beginning of the f i v e year p e r i o d , t h e r e were only f o u r 
l o c a l a u t h o r i t i e s i n the whole of County Durham o f f i c i a l l y recording 
atmospheric p o l l u t i o n . As a j-e s u l t , i t was deemed necessary, under 
c e r t a i n circumstances, t o sanction the a p p l i c a t i o n of a i r p o l l u t i o n 
data f o r a given s i t e t o a number of surrounding l o c a l a u t h o r i t y areas 
which d i d not have r e c o r d i n g f a c i l i t i e s . For example, the 1961 a i r 
p o l l u t i o n s t a t i s t i c s f o r Gateshead were adopted f o r use i n the con-
s i d e r a t i o n of F e l l i n g , Hebburn and Jarrow, as w e l l as f o r the county 
borough i t s e l f . 
4«5«4«1« The 1961 epidemic 
I n 1961 (Table 4»2.), i t may be seen how the m a j o r i t y of s i g n i -
f i c a n t c orrelationswere ( a ) p o s i t i v e i n sign and ( b ) associated w i t h 
sulphur dioxide l e v e l s r a t h e r than the amount of smoke i n the atmosphere. 
The only two s i g n i f i c a n t negative c o r r e l a t i o n s were recorded i n the 
cases of Stockton M.B. and B i l l i n g h a m U.D., and u t i l i s i n g the p o l l u t i o n 
data f o r Middlesborough. However, as has already been noted 
( s e c t i o n 4*4.2.1. above) during the 1%1 epidemic p e r i o d , Teesside 
appears t o have been completely anomalous both i n terms of i t s o v e r a l l 
incidence of measles and also i t s p e c u l i a r epidemic regime. 
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Of the l o c a l a u t h o r i t i e s e x h i b i t i n g p o s i t i v e c o r r e l a t i o n s 
between measles incidence and a i r p o l l u t i o n c h a r a c t e r i s t i c s , p a r t i -
c u l a r l y high c o r r e l a t i o n s (P < O.Ol) were found i n the case of two 
of the epidemic f o c i defined i n terms of epidemic onset. For the 
urban d i s t r i c t of Stanley, the values f o r both the average and the 
highest concentration o f atmospheric sulphur dioxide (recorded f o r 
Blaydon) c o r r e l a t e d very s i g n i f i c a n t l y ( P < 0 . 0 l ) w i t h the c o r r e s -
ponding monthly n o t i f i c a t i o n rates f o r measles, although the r e s u l t s 
f o r smoke p o l l u t i o n were not q u i t e so encouraging. I n the case of 
South Shields C.B. a s i m i l a r range of c o e f f i c i e n t s was noted. The 
l e f t - h a n d diagram i n f i g u r e 4«l6. i n d i c a t e s t h a t the c o r r e l a t i o n 
i n v o l v i n g the mean d a i l y c o n centration of sulphur d i o x i d e was p a r t i -
c u l a r l y marked ( c o e f f i c i e n t of c o r r e l a t i o n +0.88, P < 0 . 0 0 l ) . I t i s 
also i n t e r e s t i n g t o note t h a t the adjacent l o c a l a u t h o r i t y of Jarrow 
displayed a s i m i l a r degree c f s t a t i s t i c a l a s s o c i a t i o n ( u t i l i s i n g the 
p o l l u t i o n data from Gateshead C.B.). I t would appear t h a t Jarrow, 
by v i r t u e of i t s p r o x i m i t y t o South Shields, d i s p l a y s many of the 
e p i d e m i o l o g i c a l c h a r a c t e r i s t i c s of the f o c a l areas themselves. 
One s u r p r i s i n g anomaly i n the o v e r a l l s i t u a t i o n i s provided by 
the l a c k of s t a t i s t i c a l a s s o c i a t i o n between a i r p o l l u t i o n and the 
incidence of measles i n the H a r t l e p o o l area, which was o r i g i n a l l y 
defined as one of the epidemic f o c i . Indeed, the c o e f f i c i e n t s of 
c o r r e l a t i o n were c o n s i s t e n t l y negative i n the case of H a r t l e p o o l M.B. 
which would suggest, i f a n y t h i n g , an inverse r e l a t i o n s h i p . 
4.5.4.2. The 1962-63 epidemic 
For the 1962-63 epidemic season, a t o t a l of e i g h t l o c a l a u t h o r i t y 
areas were i n v e s t i g a t e d , i n c l u d i n g the proposed epidemic focus of 
Hebburn U.D. 
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Table 4»3« reveals t h a t i t was once again the f o c a l area which 
provided the most s i g n i f i c a n t s t a t i s t i c a l c o r r e l a t i o n s . Three out of 
the f o u r parameters studied y i e l d e d c o e f f i c i e n t s o f c o r r e l a t i o n which 
were s t a t i s t i c a l l y speaking very h i g h l y s i g n i f i c a n t ( P < O .OOl). The 
regressions i n v o l v i n g the sulphur dioxide content of the atmosphere 
are shown i n f i g u r e 2|..l6. I t i s also i n t e r e s t i n g t o note t h a t , as i n 
the case of the 1961 epidemic, the adjacent l o c a l a u t h o r i t i e s of 
Jarrow, South Shields and Gateshead a l l e x h i b i t e d c o n s i s t e n t l y p o s i t i v e 
c o e f f i c i e n t s , w h i l s t more remote areas from the epidemic focus, such as 
H a r t l e p o o l , Sunderland and Blaydon displayed a preponderance of nega-
t i v e c o e f f i c i e n t s , i n d i c a t i n g an inverse r e l a t i o n s h i p . 
4.5.4o3. The 1964-65 epidemic 
I n the l a s t of the three epidemic periods, w i t h an epidemic focus 
on V/earside and another i n .°outh-west Durham, i t was once again the 
f o c a l area which displayed a remarkably high degree of s t a t i s t i c a l 
a s s o c i a t i o n between a i r p o l l u t i o n and measles (see t a b l e 4 » 4 » ) . I n 
the case of Sunderland (b) s i t e , the coef-f-icient o f c o r r e l a t i o n between 
measles and the highest concentration of smoke was 0.93 ( P < 0 . 0 0 l ) 
which i s s t a t i s t i c a l l y speaking very h i g h l y s i g n i f i c a n t . Indeed, 
expressed i n another v/ay, over 867S of the v a r i a t i o n i n monthly n o t i f i -
c a t i o n r a t e s f o r measles could be explained i n terms of t h i s s i n g l e 
v a r i a b l e . The regression between these two v a r i a b l e s i s shown i n t h e 
right-hand diagram of f i g u r e l+.lG. I n a d d i t i o n , since a very s i m i l a r 
measure of s t a t i s t i c a l a s s o c i a t i o n was obtained by using a i r p o l l u t i o n 
data f o r three other completely d i f f e r e n t r e c o r d i n g s i t e s w i t h i n the 
county borough, the p o s s i b i l i t y o f chance f l u c t u a t i o n s may be discounted 
w i t h an even greater measure of confidence. 
I n the case of Consett ( a ) s i t e the s t a t i s t i c a l l y s i g n i f i c a n t 
c o r r e l a t i o n between the mean d a i l y sulphur dioxide concentration and 
10 3 
o 
•p c! 
CO o 
o> o 
to cv 
d ° 
CM o • 
co o 
El 
• o 
> o 
•p 
to to 
03 X 
Si O 
60 6 
•rl CO W 
© 
> o 
<; a to 
C 
o 
•H 
-P 
H 
rH 
O 
0) 
•P 
rl 
CO 
M 
•rl 
>» 
a 
M 
O 
si 
rH 
« 
o 
o 1-3 
m vo co Ntvi 
O H o i n H 
o 
I 
o 
+ 
o o o o 
+ I I 
co 
•P O 03 
co CM t o 
o o 
o + + 
o 
* o 
I 
ON trs r£ 
co m 
as 
•P 
CO 
t l 
o 
ON CM 
to - } 
• • 
o o 
+ + 
00 I A ON -3- o K-\ 
ft • o 
o o o 
+ + + 
l*N i*> -3-
* t o 
o o o 
+ + + 
CV] 
o 
o 
-I-
CM H V0 tn 
H r ! O H 
CM O 
H O 
r— r-—d-
m i n m 
o + o o + + 
o 
CM 
o 
o + 
CM O CM O 
m O O O 
-d- ON CM 
m -d" K > 
O 
+ 
o o o 
+ I I 
o o o 
+ + 
o o o 
+ + + 
CM VO VO 
• . « 
o o o 
+ + + 
« it * * * * * 
r*- m CO -P 5s! * » £ * 
vo O cr\ CM r*N a) a CO N CO CO m • • 13 • • • • • • o o o o o o o o | + o T + + + + + i s 
* « ft 
01 
-P 
* * «• * 
-d- CO -d" P— -d" CM « 
ON CO CM CO CO CO CO • • •r) • • • • « • o o o o o o o o 
1 + o T + + + + + 53 
o e * » 
« a * e « 
-d-
*• * w * , 
o o r-- LT\ CT\ - ± r n 
H o CO ON CO ON 
o O o o o o o o o 
1 1 + 7 + + + + + 
* * « * # 
CM VO CO * * * 
CM O vo CM co r^-co V • ft • ft ft ft 0 • O o o o o o o o 
1 + + + + + + + 
CO CO CO ,£> U to ,a co ,o o cd co co o co ^> o T3 
t 
5=> 
a 
H 
* 
t> 
EH 
W 
w • • t-i • pq CO • 0 1 a O • g n 
1 
EH ci w 
EH IN
 
co 
CO co w 
H 53 a EH H O < o O 3 c3 
pq 
o 
o a PQ * O c i p 
E-i n g 
w H b 
t>j to co co 
PQ 
o 
OH 
EH (A 
C-H 
co e 
c 
CO s 
CO 
in 
o> ft 
P CO f5 
CO 
0) >> 
B +> 
§ o o o 
10 a 
G> •H 
•P 
CO to 
to 
•H 
-P 
o •rl 
•H fH 
•P O 
CO si 
o -p • H 
^} co 
H 
O co 
EJ o 
o 
>>H 
3 
•P a) 
CJ -p 
o o 
S cu 
H 
0) CO 
CO 
-p 
u o CO CH 
0) 
B C +> O 
a> •rl 
-P 
rH 
o H 
•H O 
-P Pi 
CO 
H O 
0) •rl • 
M m 
0) vo 
o Si ON 
o 
to 
O >j 
o 
-p 3 CO as 
-p 
a 
cu o -d-
•H vo 
O O CN 
•H o H 
CM o 
CH •rl O 
CD 
O C 3 
O •a »-j 
- d 
H 
rQ 
CO 
EH 
O 
o 
V 
ill 
O 
O 
• 
o A 
n, 
A 
c> 
o 
A 
A 
m 
o 
o o 
C3 
O 
•rH 
Ci^  
•H 
c 
W 
•rl 
co 
10 4 
measles, appears t o be a spurious r e s u l t , since i t i s completely a t 
variance w i t h the corresponding c o e f f i c i e n t s of c o r r e l a t i o n obtained 
from the other two a i r p o l l u t i o n s i t e s . 
U n f o r t u n a t e l y , s u i t a b l e a i r p o l l u t i o n data f o r the south-west 
area o f Durham v/ere not a v a i l a b l e , and consequently i t was not 
possible t o i n v e s t i g a t e whether t h i s area was behaving i n a s i m i l a r 
f ashion t o the other f o c a l area of Wearside i n respect of t h i s 
p a r t i c u l a r a e t i o l o g i c a l r e l a t i o n s h i p . On the other hand, i n the case 
of V/est H a r t l e p o o l , although there was no reason t o suspect t h a t , the 
area was a primary focus of e p i d e m i c i t y from the cartographic evidence 
presented i n f i g u r e 4.14-, the c o n s i s t e n t l y p o s i t i v e and s i g n i f i c a n t 
c o e f f i c i e n t s of c o r r e l a t i o n tended t o i n d i c a t e t h a t the area was 
behaving i n a very s i m i l a r f a t h i o n t o the main f o c a l area of V/earside.. 
For t h i s reason, i t was thought l i k e l y t h a t V/est H a r t l e p o o l might have 
been a c t i n g as a secondary and independent r e s e r v o i r of i n f e c t i o n , i f 
only f o r the l o c a l area. 
4«6. Discussion 
The search f o r possible a e t i o l o g i c a l f a c t o r s concerned i n the 
epidemiology of measles had revealed a considerable measure of s t a t i s -
t i c a l a s s o c i a t i o n between the onset of epidemic c o n d i t i o n s and the 
annual regime of a i r p o l l u t i o n , and p a r t i c u l a r l y the sulphur d i o x i d e 
content of the a i r . Indeed, i t was postulated t h a t i t was the a c t u a l 
b u i l d up of p o l l u t a n t s i n the atmosphere d u r i n g autumn and e a r l y w i n t e r 
which acted as a c a t a l y s t i n the generation of epidemics, given the 
a v a i l a b i l i t y of a s u i t a b l e number of susceptibles w i t h i n the p o p u l a t i o n . 
However, once the outbreak of the disease reaches a given t h r e s -
hold value, the i n f l u e n c e of such meteorological v a r i a b l e s diminishes 
r a p i d l y , and the process becomes s e l f - s u s t a i n i n g , untjJ. the pool o f 
susceptible m a t e r i a l has been reduced t o some c r i t i c a l l e v e l , and the 
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epidemic wanes. During t h i s secondary phase, a number of s o c i a l and 
demographic f a c t o r s play an i n c r e a s i n g l y important p a r t . I n p a r t i c u l a r 
the r o l e of density f a c t o r s i n determining epidemic spread appears t o 
be important. 
At f i r s t s i g h t , the a s s o c i a t i o n between atmospheric p o l l u t i o n 
and measles might seem t o represent merely a s t a t i s t i c a l anomaly which 
d e f i e s r a t i o n a l explanation. However, upon r e f l e c t i o n , two q u i t e 
f e a s i b l e explanations emerged, and these are discussed below. 
F i r s t l y , since a i r p o l l u t i o n has already been w i d e l y recognised 
as a c o n t r i b u t o r y f a c t o r i n a l a r g e number of r e s p i r a t o r y disorders 
(see f o r example Daly 1954 and 1959; Douglas and Waller 1966; F a i r b u r n 
and Reid 1952; and Laidlaw 1960) i t i s perhaps not unreasonable t o 
suppose t h a t a p o p u l a t i o n which has been p h y s i c a l l y weakened "by p r i o r 
i n f e c t i o n of the r e s p i r a t o r y t r a c t , induced i n part by atmospheric 
p o l l u t i o n , w i l l have a much lower resistance t o i n f e c t i o n by measles. 
However, since i n the m a j o r i t y of r e s p i r a t o r y diseases the p a r t played 
by a i r p o l l u t i o n , although s t a t i s t i c a l l y s i g n i f i c a n t , i s nevertheless 
r e l a t i v e l y complicated by the a c t i o n of a considerable number of other 
v a r i a b l e s , i t was thought u n l i k e l y t h a t t h i s somewhat i n d i r e c t r e l a t i o n -
ship could produce such a high degree of s t a t i s t i c a l a s s o c i a t i o n . Thus, 
although the p r i o r i n f e c t i o n of the r e s p i r a t o r y t r a c t might be regarded 
as a c o n t r i b u t o r y f a c t o r i n the ' c o n d i t i o n i n g ' of the p o p u l a t i o n , i t 
was discounted as c o n s t i t u t i n g the major f a c t o r i n the i n i t i a t i o n of 
epidemic c o n d i t i o n s . 
The second explanation r e s t s on the work of Papp (1956). He 
found by extensive c l i n i c a l experimentation t h a t the transmission of 
the measles v i r u s d i d not appear t o take place from one r e s p i r a t o r y 
t r a c t t o another, as thought p r e v i o u s l y . Instead, Papp concluded t h a t 
the e n t r y of the v i r u s i n t o an i n d i v i d u a l take3 place through the corner 
of the eye: "Les examens ef f e c t u e s j u s q u ' i c i montrent que l e v i r u s de 
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l a rougeole ne penetre pas dans 1'organism© - comme on l e c r o y a i t 
ge'neraleraent - par l e s muqueuses des voies r e s p i r a t o i r e s suporieures. 
Son seul acces, son unique porte d 1 i n f e c t i o n , est I ' o i e l e t i l passe 
dans l e sang'a t r a v e r s une conjonctive saine". (p.3 2 ) . Since i t i s 
w e l l known t h a t even moderate l e v e l s of atmospheric p o l l u t i o n can 
induce q u i t e a number of d e l e t e r i o u s e f f e c t s i n the d e l i c a t e s t r u c t u r e 
of the eye - such as aqueous discharges and i n f l a m a t i o n - i t i s perhaps 
not unreasonable t o po s t u l a t e t h a t the onset of increased a i r p o l l u t i o n 
c onditions would generate an e x c e p t i o n a l l y f e r t i l e s o i l f o r t h i s p a r t i -
c u l a r mode of tran s m i s s i o n . Moreover, the p o l l u t i o n p a r t i c l e s them-
selves would f a c i l i t a t e the a c t u a l t r a n s f e r o f i n f e c t i o n , by a c t i n g as 
s u i t a b l e n u c l e i f o r the v i r u s d u r i n g the a c t u a l transmission stage, 
from i n d i v i d u a l t o i n d i v i d u a l . 
4 . 7 . Conclusions 
The study has shown t h a t i n the case o f County Durham, the 
re g u l a r epidemic regime f o r the county as a whole ( f i g u r e 4*1•) i s i n 
f a c t composed of a number of independent and l o c a l i s e d outbreaks. Thus 
i n d i v i d u a l l o c a l a u t h o r i t i e s experienced epidemic c o n d i t i o n s a t widely 
d i f f e r i n g times d u r i n g the b i e n n i a l c y c l e . Some areas appear t o have 
escaped i n f e c t i o n almost e n t i r e l y during a p a r t i c u l a r epidemic season -
f o r example the r u r a l d i s t r i c t of Stockton d u r i n g 196l ( t a b l e 4 « 1 - ) -
w h i l e others experienced prolonged periods of p e r s i s t e n t e p i d e m i c i t y , 
even d u r i n g the w e l l - d e f i n e d inter-epidemic periods - as i n the case of 
Brandon U.D. dur i n g the period October t o December 1963 ( f i g u r e 
Burnett (1962:19) has l i k e n e d such e p i d e m i o l o g i c a l phenomena t o the 
e f f e c t s of a f o r e s t f i r e , "which does not recur u n t i l f r e s h undergrowth 
has grown up. Sometimes i t misses a patch f o r years. However, when 
these patches which have missed the f i r e f o r many years are a t l a s t 
reached the overgrown inflammable m a t e r i a l blazes f i e r c e l y , and many 
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more trees are l i a b l e t o be destroyed here than elsewhere". 
Despite the inherent complexity of the s i t u a t i o n , major f o c i 
were defined f o r each of the three epidemic periods, and the major 
l i n e s of dissemination mapped. I n the main, the primary f o c i were 
l o c a t e d i n the densely-populated areas of south Tyneside and Wearside, 
w i t h important secondary f o c i i n the centre and south-west of the 
county. However, there d i d not appear t o be a s i n g l e constant e p i -
demic focus, or even a constant endemic area. 
I t was discovered t h a t , i n a d d i t i o n t o the s u s c e p t i b i l i t y / i m m u n i t y 
f a c t o r already defined by Stocks and Karn (1928), population d e n s i t y 
appeared t o be an important ' c o n d i t i o n i n g f a c t o r ' i n a s s i s t i n g the 
transmission of the measles v i r u s . I n p a r t i c u l a r , the e f f e c t s o f 
density per room were found t o be extremely s i g n i f i c a n t i n the d e t e r -
mination o f epidemic spread. 
An i n i t i a l i n v e s t i g a t i o n of p a r t i c u l a r m e teorological v a r i a b l e s 
revealed t h a t there was l i t t l e or no r e l a t i o n s h i p between the incidence 
of measles and these purely c l i m a t i c v a r i a b l e s . However, the r e l a t e d 
f a c t o r of a i r p o l l u t i o n d i d suggest i t s e l f as a p o s s i b i l i t y f o r f u r t h e r 
i n v e s t i g a t i o n . Subsequent a n a l y s i s revealed t h a t i n each o f the three 
epidemic seasons, proposed epidemic f o c i e x h i b i t e d a remarkably h i g h 
degree of s t a t i s t i c a l a s s o c i a t i o n w i t h two or more of the parameters of 
atmospheric p o l l u t i o n . I t was concluded from these observations t h a t , 
given s u i t a b l e epidemiological pre-conditions - v i z . the accumulation 
of a s u f f i c i e n t number of susceptibles i n the population - then a s i g -
n i f i c a n t r i s e i n the l e v e l o f p a r t i c u l a r p o l l u t a n t s i n the atmosphere 
would provide the necessary t r i g g e r or impetus f o r the i n i t i a t i o n of 
widespread epidemic c o n d i t i o n s . Moreover, t h i s conclusion appears t o 
be supported by the c l i n i c a l experiments of Papp (1956) concerning the 
mode of transmission of the v i r u s . 
10 8 
I t i s of course r e a l i s e d t h a t by studying such a r e l a t i v e l y 
l i m i t e d time period f o r a s i n g l e county, the r e s u l t s i n themselves 
cannot be regarded as p a r t i c u l a r l y conclusive or u n i v e r s a l . Howeve 
the s t a t i s t i c a l s i g n i f i c a n c e of many of the r e s u l t s , e s p e c i a l l y i n 
the case of a i r p o l l u t i o n , tends t o suggest t h a t t h e re are indeed a 
number of u n d e r l y i n g causal r e l a t i o n s h i p s which undoubtedly warrant 
f u r t h e r study, i n a wider s p a t i a l and time perspective from the geo 
g r a p h i c a l angle, and also from the c l i n i c a l p o i n t of view. 
1 0 9 
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I l l 
Chapter 5 
Tuberculosis i n County Durham 19&L-65 
5 » 1 . I n t r o d u c t i o n 
"Tuberculosis i s an endemic disease always present i n our midst, 
slow and i n s i d i o u s i n i t s progress, protean i n i t s m a n i f e s t a t i o n s , 
s e l e c t i n g i t s v i c t i m s w i t h an almost d i s c r i m i n a t i n g p a r t i a l i t y . " 
(&loyne 1944:8). Nevertheless, i t i s an i n f e c t i o u s disease passed 
from i n d i v i d u a l t o i n d i v i d u a l as a r e s u l t of sustained periods of 
contact. (See Appendix B) The s t e a l t h and haphazard nature o f i t s 
advances, i n comparison w i t h the r e l a t i v e u n i f o r m i t y of regime d i s -
played by such exanthemata as measles or s c a r l e t f e v e r , o r i g i n a l l y 
suggested a completely randrm process of v i c t i m s e l e c t i o n , and a t t r i -
b utable t o such phenomena as "mysterious vapours" or "a v e r i t a b l e b l a s t 
from the s t a r s " . (Greenhow 1857:79) However, as knowledge has 
advanced, i t has come t o be r e a l i s e d that-, in-many-ways, the incidence 
of t u b e r c u l o s i s appears t o be more c l o s e l y responsive t o l o c a l e n v i r o n -
mental conditions than many f a s t e r moving i n f e c t i o u s diseases, such as 
measles and s c a r l e t f e v e r . The l a t t e r i n v a r i a b l y generates a substan-
t i a l momentum, which acts t o ov e r r i d e the s t a t e of concordance w i t h the 
l o c a l c o n d i t i o n s . Indeed, u n t i l q u i t e r e c e n t l y , incidence r a t e s f o r 
t u b e r c u l o s i s were q u i t e e x t e n s i v e l y used as i n d i c a t o r s of the general 
h e a l t h of the community, and thereby of associated l i v i n g c o n d i t i o n s . 
I n one sense, of course, there can only be a s i n g l e cause of 
tu b e r c u l o s i s - the tu b e r c l e b a c i l l u s - which f o r a l l i n t e n t s and 
purposes may be regarded as a working constant. However the "causes o f 
t u b e r c u l o s i s " which are discussed below are phenomena which, by v i r t u e 
of f a c i l i t a t i n g the i m p l a n t a t i o n of the t u b e r c l e b a c i l l u s w i t h i n the 
i l a 
body, or g e n e r a l l y a i d i n g the progress of the disease once i t has 
become e s t a b l i s h e d , q u a l i f y f o r r e c o g n i t i o n as causal f a c t o r s . I t i s 
the a c t i o n of these causal f a c t o r s (which are a l l i n t e g r a l elements 
of the environment) which produces the considerable d i f f e r e n t i a t i o n 
of incidence and m o r t a l i t y , which occurs even between contiguous areas. 
As w i l l become apparent from the f o l l o w i n g study, i t i s almost 
impossible t o i s o l a t e p a r t i c u l a r elements from the i n t r i c a t e web o f 
causation, since the m a j o r i t y of the causal f a c t o r s are themselves 
i n t i m a t e l y r e l a t e d . Consequently, i t was deemed t o be more appropriate 
t o b u i l d up a t h e o r e t i c a l model of causation r a t h e r than t o d i s s e c t the 
system i n t o i t s i n d i v i d u a l items, which would merely serve t o destroy 
the i d e n t i t y of the system. 
So f a r , the s p a t i a l i n v e s t i g a t i o n of t u b e r c u l o s i s has been con-
f i n e d e s s e n t i a l l y t o the c o n s i d e r a t i o n o f n a t i o n a l s t a t i s t i c s 
(McDonald 1952, Merrett 195, ? Stocks & Karn 1931) j p a r t i c u l a r sectors 
of the community ( C o l l i s 1925, D'Arcy Hart et a l i a , 1942); or the 
i n v e s t i g a t i o n of r e l a t i v e l y l a r g e urban complexes such as Birmingham, 
Glasgow and Tyneside (Bradbury 1933, S t e i n 1950 & 1952, McMillan 1957, 
S p r i n g e t t e t a l i a 1958, VZebb & Stewart 195l) • A notable exception t o 
t h i s was the a r t i c l e w r i t t e n by Jessop i n 1955, and concerned w i t h 
r e s e r v o i r s of pulmonary t u b e r c u l o s i s i n Warwickshire. However, t h i s 
p a r t i c u l a r study was undertaken a t a r a t h e r s u p e r f i c i a l l e v e l , being 
concerned p r i n c i p a l l y w i t h s t a t i s t i c a l method r a t h e r than causal i n q u i r y . 
The aim of the present study i s t o attempt an i n v e s t i g a t i o n at 
an i n t e r m e d i a t e scale, thereby o f f s e t t i n g the e f f e c t s of c o n t i n u a l 
g e n e r a l i s a t i o n associated w i t h the a n a l y s i s of n a t i o n a l s t a t i s t i c s , 
w h i l s t s t i l l r e t a i n i n g the advantages of group study. As S t e i n and 
S k l a r o f f comment, "The l a b o r a t o r y of s o c i a l medicine i s the l o c a l 
community, and i t s i n t e r e s t i s focussed on the s o c i a l group r a t h e r than 
on i n d i v i d u a l s . " (1952:118) I n t h i s context, County Durham, considered 
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a t the l o c a l a u t h o r i t y l e v e l , presents i t s e l f as a p a r t i c u l a r l y 
i n t e r e s t i n g area, since i t d i s p l a y s a remarkable v a r i e t y of b o t h 
p h y s i c a l and s o c i a l environments. Moreover, the occurrence w i t h i n t h e 
county boundary of d i s t i n c t areas of p a r t i c u l a r l y h igh incidence of 
t u b e r c u l o s i s , n ot only augments the s t a t i s t i c a l s i g n i f i c a n c e of the 
r e s u l t s , b u t i t also considerably enhances the 1 r a i s o n d'etre 1 o f the 
study. Nevertheless i t must be remembered t h a t by undertaking such 
a study as t h i s , i t remains extremely u n l i k e l y t h a t new and important 
d i s c o v e r i e s w i l l be made i n r e l a t i o n t o the causation .of t u b e r c u l o s i s . 
"But the c a r e f u l and i n t e n s i v e study of t u b e r c u l o s i s i n a l i m i t e d area 
confirms and puts on a s o l i d s t a t i s t i c a l basis opinions f o r m e r l y h e l d 
as a r e s u l t of general observation." (Bradbury 1933:ix) 
5 . 1 . 1 . H i s t o r i c a l review of t u b e r c u l o s i s 
Tuberculosis has been described by Dubos and Dubos as a disease 
of "incomplete c i v i l i s a t i o n " . (1953:219) Indeed, i t i s remarkable 
how du r i n g the l a s t century the peak incidence of t u b e r c u l o s i s 
coincided w i t h the periods o f most r a p i d change, for b o t h i n d i v i d u a l 
communities and nations a l i k e . At times d u r i n g the ni n e t e e n t h century, 
the ' t r e a t white plague' seemed t o th r e a t e n the very s u r v i v a l of the 
European race. I t s e f f e c t s upon the community were d e v a s t a t i n g : i n 
some areas accounting f o r twice the m o r t a l i t y of any other s i n g l e 
cause of death. However, by v i r t u e o f i t s u b i q u i t y w i t h i n the community, 
and i t s seemingly random s e l e c t i o n of v i c t i m s , i t came t o be regarded 
as an i n e v i t a b l e consequence of l i f e i t s e l f . As such i t was i n no way 
comparable'to the i n t e r m i t t e n t and h i g h l y l o c a l i s e d epidemics of such 
diseases as cholera and typhus f e v e r . 
Nevertheless, despite the f a c t t h a t the n i n e t e e n t h century ravages 
of t u b e r c u l o s i s were probably amongst the most spectacular t h a t have 
occurred, and as such are w e l l documented, t h i s does not mean t o say 
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t h a t the e f f e c t s of the disease were minimal d u r i n g e a r l i e r periods 
of h i s t o r y . On the c o n t r a r y , although the word ' t u b e r c u l o s i s ' only 
appeared i n p r i n t f o r the f i r s t time i n 18/|0, the disease i t s e l f i s 
r e f e r r e d t o i n many ancient w r i t i n g s i n both Europe and Asia. I n 
p a r t i c u l a r , the d e s c r i p t i o n of the disease, contained w i t h i n the 
Hippocratic c o l l e c t i o n of medical essays, i s extremely v a l u a b l e . 
However, despite the c o n t i n u i n g presence of the disease w i t h i n 
the community during the eighteenth and nin e t e e n t h c e n t u r i e s , t h e r e 
appeared to be evidence of a c e r t a i n reluctance on the p a r t of the 
a u t h o r i t i e s t o take e f f e c t i v e measures t o combat the ravages of the 
disease, which was such a d r a i n upon the resources of the community. 
."Consumptive p a t i e n t s continued t o l i v e a l i f e of normal a c t i v i t y 
almost t o the end, not only s p o i l i n g any chances of a r r e s t i n g t h e i r 
own disease, b u t seeding the germs of i t a l l around them." (Dubos & 
Dubos, 1953:205) I n t h i s connection, a Royal e d i c t issued at Naples 
i n 1782, and o r d e r i n g the i s o l a t i o n of consumptives, and the cleansing 
of t h e i r d w e l l i n g s , i s a notable exception. 
I n I 8 6 5 , V i l l e m i n , e x p e r i m e n t i n g w i t h r a b b i t s , discovered t h a t 
the i n n o c u l a t i o n of tuberculous m a t e r i a l derived from human beings 
tended t o produce l e s i o n s c h a r a c t e r i s t i c of t u b e r c u l o s i s i n the r a b b i t s . 
His theory of i n f e c t i o n was r e v o l u t i o n a r y , and q u i t e c o n t r a r y t o the 
innumerable t h e o r i e s of causation thus f a r propounded. The l a t t e r 
i ncluded the immoderate love of food, the excessive use of tobacco, 
and the passion f o r dancing. (Dubos and Dubos 1953*197) Vellemin's 
f i n d i n g s undoubtedly i n s p i r e d the work of Koch, who i n 1882 i s o l a t e d 
the t u b e r c l e b a c i l l u s , thereby confirming the theory of the i n f e c t i v i t y 
o f t u b e r c u l o s i s . 
This l a t t e r discovery enabled man t o mount a d i r e c t a t t a c k upon 
the basic causative agent, which was the b a c i l l u s . This f a c t , together 
w i t h the c o n t i n u i n g r i s e i n the standard of l i v i n g , f a c i l i t a t e d i n part 
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by the P u b l i c Health Act of 1875 , s u f f i c e d t o e f f e c t a marked de c l i n e 
i n the l e v e l s of t u b e r c u l o s i s i n B r i t a i n , and i n p a r t i c u l a r i n England 
and Wales. 
This encouraging t r e n d was subsequently r e i n f o r c e d by the 
b u i l d i n g of s a n i t o r i a f o r the tuberculous, t o f a c i l i t a t e both i s o l a t i o n 
and cure. Chest c l i n i c s were set up i n a l l parts of the country, and 
extensive surveys were undertaken t o a s c e r t a i n the prevalence of the 
disease i n p a r t i c u l a r areas. I n a d d i t i o n , as a r e s u l t of the N o t i f i -
c a t i o n o f I n f e c t i o u s Diseases Act, 1 8 8 8 , each l o c a l a u t h o r i t y was 
r e q u i r e d t o n o t i f y each new case of t u b e r c u l o s i s t h a t occurred w i t h i n 
i t s boundaries, and also t o keep a permanent r e g i s t e r of a l l t u b e r c u -
l o u s persons r e s i d i n g i n the area. More r e c e n t l y , mass x-ray 
techniques and improved methods of c l i n i c a l diagnosis have 1'urther 
enhanced the r a t e of decline i n the m o r t a l i t y f i g u r e s f o r the disease, 
although promoting temporary r i s e s i n the n o t i f i c a t i o n r a t e s . The 
consequence of a l l these measures and improvements has been the twenty-
f o u r f o l d decrease i n the m o r t a l i t y index f o r England and V/alos between 
1 8 5 1 and 1 9 5 4 (see the R e g i s t r a r General's S t a t i s t i c a l Review pa r t 1 , 
1 9 5 4 , t a b l e 6 ) . 
Nevertheless, despite t h i s encouraging improvement i n the o v e r a l l 
m o r t a l i t y f i g u r e s f o r t u b e r c u l o s i s , p a r t i c u l a r areas remain as p e r s i s -
t e n t r e s e r v o i r s of i n f e c t i o n . As has been s t a t e d above, County Durham, 
and i n p a r t i c u l a r Tyneside, are remarkable f o r t h e i r c o n t i n u i n g h i g h 
l e v e l of both m o r t a l i t y and morbidity (Murray 1 9 6 2 : 1 3 8 ) . 
5 . 2 . Data - Sources and l i m i t a t i o n s 
G-loyne recognised s i x p r i n c i p a l methods of e s t i m a t i n g the general 
prevalence of t u b e r c u l o s i s i n a community - v i z . a) t u b e r c u l i n surveys, 
which i n d i c a t e the percentage of the p o p u l a t i o n t h a t has already been 
i n f e c t e d by the b a c i l l u s , although not n e c e s s a r i l y d i s p l a y i n g o v e r t 
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c l i n i c a l m anifestations of the disease; b) compulsory n o t i f i c a t i o n 
of a c t i v e cases of t u b e r c u l o s i s ; c) mass radiography; d) m o r t a l i t y 
s t a t i s t i c s ; e) records of post mortem examinations, and f ) an o v e r a l l 
a p p r a i s a l of some or a l l of the above i n a comprehensive t u b e r c u l o s i s 
survey. (Gloyne 1944*6?) 
I n general, however, and e s p e c i a l l y f o r the purposes of medico-
geographical i n v e s t i g a t i o n , methods (b) and ( d ) are undoubtedly of the 
most value. I n England and Wales, both these methods are employed and 
r e g u l a t e d by a c e n t r a l a u t h o r i t y - the General Regi s t e r O f f i c e - and 
as such the p a r t i c u l a r s t a t i s t i c s are both continuously and u n i v e r s a l l y 
c o l l a t e d f o r appropriate a r e a l u n i t s . 
I n the case of n o t i f i c a t i o n , each new case i s recorded i n a 
s p s c i a l t u b e r c u l o s i s r e g i s t e r (e.g. a t Durham Rural D i s t r i c t ) ; the 
general i n f e c t i o u s disease r e g i s t e r (e.g. at F e l l i n g Urban D i s t r i c t ) ; 
or on i n d i v i d u a l index card~ (e.g. at Hebburn Urban D i s t r i c t ) . I n each, 
case d e t a i l s of the name, sex, age and address of the p a t i e n t are 
recorded, together w i t h the name of the n o t i f y i n g d o c tor. The occupa-
t i o n of the p a t i e n t i s not always recorded, although i n most l o c a l 
a u t h o r i t i e s i t i s s p e c i f i e d where p o s s i b l e . 
As a r e s u l t of the v a r i a b i l i t y i n the nature of t u b e r c u l o s i s 
(see Appendix B), the process f a i l s e i t h e r t o measure the t o t a l preva-
lence of the disease w i t h i n the community, or t o r e c o r d the p e r i o d of 
primary i n f e c t i o n i n the m a j o r i t y of i n d i v i d u a l s . Thus "each set of 
records describes not i l l n e s s as i t occurs, b u t i l l n e s s by the d e f i n i -
t i o n of v/hat i s conspicuous and i s brought t o the n o t i c e of the 
p a r t i c u l a r agency." ( S t e i n and S k l a r o f f 1952:130) I n t h i s connection, 
i t has been noted by Dubos and Dubos (1953*223) t h a t over one t h i r d of 
the i n d i v i d u a l s dying of t u b e r c u l o s i s i n p a r t i c u l a r American c i t i e s 
d u r i n g the l a t e 1940's and e a r l y 1950's were never recorded as being 
tuberculous a t any time d u r i n g l i f e . This s u r p r i s i n g r e v e l a t i o n a r i s e s 
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i n p o r t from, the f a c t t h a t an i n d i v i d u a l can i n most cases continue 
t o pursue an e s s e n t i a l l y normal regime of l i f e , u n t i l the disease has 
reached a r e l a t i v e l y advanced stage, at which time a d d i t i o n a l compli-
cation::; r a p i d l y reduce the i n d i v i d u a l t o a t e r m i n a l s t a t e . On the 
other hand, there i s the f a c t o r of s o c i a l stigma associated 'with 
t u b e r c u l o s i s which renders p a r t i c u l a r i n d i v i d u a l s or f a m i l i e s extremely 
r e l u c t a n t t o declare a suspected case of the disease. Even today, the 
f e a r of l o s i n g a j o b , or prospective marriage p a r t n e r , or the t h r e a t 
of e v i c t i o n from rented premises, i s s u f f i c i e n t l y s trong t o prejudice 
the chances of n o t i f i c a t i o n i n a number of cases. Nevertheless, one 
may assume, f o r the purposes of t h i s study, t h a t the o v e r a l l e f f e c t s 
of these two processes are e s s e n t i a l l y u n iform over a r e l a t i v e l y 
r e s t r i c t e d area, such as County Durham; and thus they w i l l vary i n 
d i r e c t p r o p o r t i o n t o the observed n o t i f i c a t i o n r a t e s . The l a t t e r may 
t h e r e f o r e be regarded as to. 1 erably r e l i a b l e i f used merely as compara-
t i v e i n d i c e s . 
I n c o n t r a s t , death i s a f i n i t e c o n d i t i o n , capable of precise 
l o c a t i o n i n time, and as such i s not n e a r l y so s u s c e p t i b l e t o personal 
p r e j u d i c e as n o t i f i c a t i o n . Nevertheless, a t the present time, an ever-
decreasing p r o p o r t i o n of t u b e r c u l o s i s cases reach a t e r m i n a l s t a t e , and 
thus i n a r e s t r i c t e d area of study such as County Durham, the r e l a t i v e l y 
small number of recorded deaths from t u b e r c u l o s i s severely d e t r a c t s from 
the s t a t i s t i c a l s i g n i f i c a n c e of subsequent a n a l y s i s . 
With the i n c r e a s i n g concentration of t u b e r c u l o s i s m o r t a l i t y i n 
the l a t e r stages of a d u l t l i f e , e s p e c i a l l y i n the case of males, the 
diagnosis of the exact cause of death becomes i n c r e a s i n g l y more d i f f i -
c u l t . Thus t u b e r c u l o s i s may be selected from a host of other c o n t r i b u -
t o r y causes, which, f o r the purposes of subsequent c l a s s i f i c a t i o n and 
a n a l y s i s , are ignored. Moreover, considering the v a r i e t y of manifesta-
t i o n s of t u b e r c u l o s i s which occur, i t i s not s u r p r i s i n g t o discover t h a t 
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the symptoms of other t o t a l l y u n r e l a t e d diseases are o c c a s i o n a l l y 
c l a s s i f i e d as tuberculous. This again introduces another minor 
source of e r r o r i n t o the i n v e s t i g a t i o n at a comparatively e a r l y stage. 
Although f o r the purposes of t h i s present study n o t i f i c a t i o n 
s t a t i s t i c s were c o l l a t e d from vieekly r e t u r n s f o r each l o c a l a u t h o r i t y 
i n County Durham ("The R e g i s t r a r General's Weekly Return f o r England 
and Wales: B i r t h s and Deaths, I n f e c t i o u s Diseases, Weather" H.M.S.O.), 
most, i f not a l l , of the subsequent a n a l y s i s was undertaken on an 
annual or quinquennial b a s i s . This was due t o the r e l a t i v e l y small 
numbers of n o t i f i c a t i o n s i n v o l v e d , p a r t i c u l a r l y i n the case of the 
smaller l o c a l a u t h o r i t i e s . I n f a c t , even the l a r g e s t a u t h o r i t y - the 
County Borough of Sunderland - w i t h a p o p u l a t i o n o f over 189,000, 
averaged less than three caset of p h t h i s i s per week between 1961-5. 
By considering longer time periods, chance f l u c t u a t i o n s i n incidence 
are minimised, and the e f f e c t s of i n t e r m i t t e n t v i s i t s by j a s s r a d i o -
graphy u n i t s averaged out. The r e s u l t a n t mean n o t i f i c a t i o n r a t e s could 
thus be considered much more r e l i a b l e , which i n e v i t a b l y increased the 
s t a t i s t i c a l s i g n i f i c a n c e o f the subsequent a n a l y s i s . On the other hand, 
by not exceeding a quinquennial time p e r i o d , longer term f l u c t u a t i o n s , 
r e f l e c t i n g s i g n i f i c a n t changes i n the r e l a t i o n s h i p s between p a r t i c u l a r 
causal f a c t o r s , were not obscured t o any great e x t e n t . 
I n a study of t u b e r c u l o s i s i n Glasgow, L i l l i S t e i n recognised the 
need f o r more d e t a i l e d study i n a s p a t i a l context. "The smaller and 
more homogeneous the areas considered, the more genuinely the s o c i a l 
and economic in d i c e s represent c h a r a c t e r i s t i c s of r e a l meaning i n the 
l o c a l i t y . " ( S t e i n 1952:6) This l a t t e r observation i s undoubtedly v a l i d , 
but only so l o n g as a r e a l s u b - d i v i s i o n i s c o n s i s t e n t w i t h the s t a t i s t i c a l 
s i g n i f i c a n c e of the basic data. Thus i n the case of County Durham, 
bearing i n mind the r e l a t i v e l y small number of n o t i f i c a t i o n s , the 
r 
optimum a r e a l u n i t f o r the county as a whole was deemed t o be the l o c a l 
119 
a u t h o r i t y . Further s u b d i v i s i o n would have merely served t o enhance 
the r o l e of chance f l u c t u a t i o n s , thereby obscuring the i n f l u e n c e of 
s i g n i f i c a n t r e l a t i o n s h i p s . 
Nevertheless, i t must be borne i n mind t h a t even when the l o c a l 
a u t h o r i t y i s adopted as the u n i t of study the s u b s t a n t i a l v a r i a t i o n 
i n both the composition and size of p a r t i c u l a r a u t h o r i t i e s has a s i g -
n i f i c a n t e f f e c t . I n the f i r s t place, the smallest u n i t s , by v i r t u e 
of t h e i r s i z e , d e t r a c t from the o v e r a l l s t a t i s t i c a l s i g n i f i c a n c e of 
r e s u l t s and conclusions. Secondly, the l a r g e r a u t h o r i t i e s o f t e n con-
t a i n q u i t e d i s t i n c t i v e areas d i s p l a y i n g c e r t a i n 'extremes' o f 
environmental c o n d i t i o n s (e.g. housing types, e t c . ) which may be of 
p a r t i c u l a r relevance i n the causation of t u b e r c u l o s i s . However, by 
c o n s t i t u t i n g merely a small p a r t of a much l a r g e r urban complex, the 
i d e n t i t y and e f f e c t s of these areas become i n e v i t a b l y submerged 
beneath the shroud of the s t a t i s t i c a l mean. Consequently, i t i s 
important t o remember t h a t the 'apparent' homogeneity of an area, as 
portrayed by a number of s t a t i s t i c a l measures, q u i t e o f t e n represents 
a s u b s t a n t i a l d i v e r s i t y i n r e a l i t y . 
I n the case of t u b e r c u l o s i s , many of the f a c t o r s which have been 
invoked t o e x p l a i n causation are such t h a t they defy both r i g i d 
d e f i n i t i o n and d i r e c t measurement i n q u a n t i t a t i v e terms. The research 
worker i s thus forced t o r e l y on r a t h e r i n d i r e c t means of measurement, 
o f t e n i n v o l v i n g a s u b s t a n t i a l amount of s u b j e c t i v e a p p r a i s a l . For 
example, Bradbury, i n attempting a d e f i n i t i o n of an ' i n s a n i t a r y 
d w e l l i n g 1 as a causal f a c t o r i n t u b e r c u l o s i s , included no l e s s than 
s i x c r i t e r i a , any one of which i f present would cause a d w e l l i n g t o be 
c l a s s i f i e d as i n s a n i t a r y . One of these, "The general arrangement of 
the d w e l l i n g and those a d j o i n i n g i t , was a p a r t i c u l a r l y nebulous s t a t e -
ment, capable of a v a r i e t y of i n t e r p r e t a t i o n s . " (Bradbury 1933:42) 
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Even those f a c t o r s which are derived d i r e c t l y from o f f i c i a l sources 
d i s p l a y c e r t a i n i n h e r e n t l i m i t a t i o n s , which must be f u l l y appreciated 
before they are a p p l i e d i n the i n v e s t i g a t i o n of causation. For 
example, i n the case of density per room, both the area and volume of 
i n d i v i d u a l rooms may vary q u i t e considerably from s t r e e t t o s t r e e t , 
and from one l o c a l a u t h o r i t y t o another. Moreover, since the age 
d i s t r i b u t i o n of i n d i v i d u a l households i s q u i t e obviously not constant 
a p a r t i c u l a r f l a t which may be deemed adequate accommodation f o r a 
married couple and th r e e young c h i l d r e n would prove q u i t e inadequate 
f o r f i v e a d u l t s . I t i s f o r such reasons of co m p a r a b i l i t y t h a t 
a r b i t r a r y t h r e s h o l d values, l i k e overcrowding, and indeed many other 
s t a t i s t i c a l v a r i a b l e s , must be ap p l i e d w i t h due c a u t i o n . 
5.3. The n a t i o n a l s i t u a t i o n 
The work of Stocks and Karn (1931) tended t o suggest t h a t i n 
the pe r i o d 1921-6, County Durham was experiencing only a s l i g h t l y 
higher m o r t a l i t y r a t e from t u b e r c u l o s i s than the average f o r England 
and Wales, ( i n t h i s p a r t i c u l a r study, no d i f f e r e n t i a t i o n was made 
between r e s p i r a t o r y and other forms of t u b e r c u l o s i s . ) However, when 
t h i s s i t u a t i o n was f u r t h e r analysed i n respect t o age and sex, i t was 
demonstrated t h a t considerable d i f f e r e n t i a l s d i d i n f a c t e x i s t . Thus 
whereas the comparative m o r t a l i t y index f o r females between the ages 
of 25 and 44 was s i t u a t e d i n the class i n t e r v a l 120-130, the c o r r e s -
ponding f i g u r e f o r males i n the same age group was only 90-100 - t h a t 
i s below the n a t i o n a l average. Unfortunate.!^, t h i s p a r t i c u l a r study 
was undertaken only a t the county l e v e l , and as a r e s u l t the t r u e 
s i g n i f i c a n c e of p a r t i c u l a r disease f o c i w i t h i n County Durham i t s e l f 
could not be f u l l y appreciated. I n t h i s connection, the contemporane 
ous observation made by Bradbury (1933) t h a t "Jarrow i s one of the 
worst places i n England as regards the prevalence of t u b e r c u l o s i s " 
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would hardly have been suggested by the work of Stocks and Karri (.1931). 
Subsequently, Murray (1962) took the process of s p a t i a l d i v i s i o n 
a stage f u r t h e r by d i s t i n g u i s h i n g i n d i v i d u a l county boroughs from 
t h e i r respective a d m i n i s t r a t i v e counties. Nevertheless, i n h i s study 
of m o r t a l i t y from t u b e r c u l o s i s of the r e s p i r a t o r y system, Murray 
confined h i m s e l f t o a consideration of standardised m o r t a l i t y r a t i o s 
f o r males only d u r i n g the period 1950-53. I n t h i s case, the county 
boroughs of Sunderland, Gateshead, South Shields and West H a r t l e p o o l 
were e a s i l y d i s t i n g u i s h a b l e as areas of p a r t i c u l a r l y h igh m o r t a l i t y , 
w i t h r a t i o s i n excess of l.JJO (England and Wales = 1.00). I n compari-
son, the remainder of the a d m i n i s t r a t i v e county appeared t o be close t o 
the n a t i o n a l average, w i t h a r a t i o between 0.90 and 1.09. Even so, i t 
i s i n t e r e s t i n g t o note t h a t Durham was only r i v a l l e d by seven other 
English a d m i n i s t r a t i v e counties i n , t h e matter of male m o r t a l i t y from 
r e s p i r a t o r y t u b e r c u l o s i s . Indeed, only London and Cumberland appeared 
t o experience s u b s t a n t i a l l y higher comparative m o r t a l i t y r a t i o s than 
County Durham; w h i l s t Cornwall, Kent, Northumberland and S t a f f o r d s h i r e 
had roughly comparable r a t i o s ( v i z . 0.90 - 1.09). (Hurray 1962, f i g . 5.) 
Howe (1963) added f u r t h e r s o p h i s t i c a t i o n t o the work of Murray, 
f i r s t l y by consid e r i n g both males and females i n separate categories 
which were then mapped, and secondly by a l l o w i n g f o r a f u r t h e r a r e a l 
s u b d i v i s i o n of the a d m i n i s t r a t i v e counties i n t o urban and r u r a l cate-
gories . 
I n the case of males, the standardised m o r t a l i t y r a t i o f o r Durham 
as a whole was s u b s t a n t i a l l y higher than the n a t i o n a l average, although 
there were s t i l l considerable d i f f e r e n c e s between p a r t i c u l a r categories 
of l o c a l a u t h o r i t i e s . Thus the County Boroughs of Gateshead and South 
Shields had S.M.R.'s i n excess of 180 ( o r 8C?2 above the n a t i o n a l average) 
w h i l s t Sunderland and West H a r t l e p o o l C.B.'s were shown t o have S.M.R.'s 
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i n the range . Rather s u r p r i s i n g l y , the m o r t a l i t y r a t i o f o r 
the ten r u r a l d i s t r i c t s i n County Durham ( v i z . 120-139) was higher 
than the corresponding f i g u r e f o r the t w e n t y - f i v e urban d i s t r i c t s 
(100-119). 
I n the case of female m o r t a l i t y , the small numbers of deaths 
i n v o l v e d must c l e a r l y have detracted from the o v e r a l l s i g n i f i c a n c e 
of the mapped data presented by Howe. Nevertheless, Durham was once 
again c l e a r l y d i s t i n g u i s h a b l e as an area of ge n e r a l l y high m o r t a l i t y . 
Gateshead and South Shields i n p a r t i c u l a r stood out as e s p e c i a l l y 
unfavourable areas, w i t h S.M.R.'s i n excess of 180. I n comparison, 
the combined r a t i o f o r the urban d i s t r i c t s (120-139) was s u b s t a n t i a l l y 
lower, although s t i l l s l i g h t l y i n excess of the r a t i o f o r the t e n 
r u r a l d i s t r i c t s which l a y somewhere between 100 and 119. 
From the above evidence, Howe concluded t h a t " I f the county 
boroughs are excluded, only Cornwall and Durham of the l\2 a d m i n i s t r a -
t i v e counties i n England have m o r t a l i t y r a t i o s appreciably above the 
n a t i o n a l average." (Howe 1963:56) 
Figure 5.1. shows the geographical d i s t r i b u t i o n of n o t i f i c a t i o n 
r a t e s f o r the c o n s t i t u e n t counties of England and Wales between 1961 
and 1965» as w e l l as p r o v i d i n g some idea of the o v e r a l l t r e n d i n n o t i -
f i c a t i o n r a t e s d u r i n g the same p e r i o d . 
As the map of mean annual incidence demonstrates, there were 
three d i s t i n c t areas of p a r t i c u l a r l y high n o t i f i c a t i o n r a t e s (over 24JO 
cases per 100,000 persons) namely the north-east of England, the London 
area, and the n o r t h e r n counties of Wales. I n p a r t i c u l a r , County Durham 
w i t h an o v e r a l l n o t i f i c a t i o n r a t e o f kl+ per 100,000 ranked f i f t h among 
the 60 counties a f t e r Merionethshire, London, Caernarvonshire and 
( l ) The data f o r f i g u r e 5«l«were obtained from the Annual Report of the 
R e g i s t r a r General, S t a t i s t i c a l t a b l e s . Part 1. Medical ( f o r the years 
1961-1965 i n c l u s i v e ) . Table 31. 
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Northumberland, which r e s p e c t i v e l y shov/ed rates of 59» 513, 48 and 45. 
This compared w i t h a mean value of only 31 per 100,000 f o r England 
and Wale3 as a whole. 
The right-hand map of f i g u r e 5«1- i n d i c a t e s the percentage 
change i n the number of n o t i f i c a t i o n s recorded between 1961-2 and 
1964-5* I t i s i n t e r e s t i n g t o note t h a t most, i f not a l l , of the 
counties experiencing the greatest percentage decline i n n o t i f i c a t i o n s 
were predominantly r u r a l i n character - i . e . N o r f o l k and S u f f o l k , the 
m a j o r i t y of the Welsh counties, Somerset, Dorset, Surrey and East 
Sussex. Moreover, i n the case of the English counties c i t e d above, 
t h i s phenomenon was a l l the more remarkable, since the o v e r a l l i n c i -
dence r a t e s were i n the main already s i g n i f i c a n t l y below the n a t i o n a l 
average. 
I n c o n t r a s t , the m a j o r i t y of the i n d u s t r i a l counties of the 
country displayed only moderate t o low percentage decreases i n n o t i f i -
c a t ions during the p e r i o d . This included County Durham w i t h a percent-
age decrease of only 29. I n only three cases - Oxfordshire, the parts 
of Holland i n L i n c o l n s h i r e , and Herefordshire - was an a c t u a l increase 
i n the number of n o t i f i c a t i o n s recorded. 
I t would appear from the above evidence t h a t , a t the n a t i o n a l 
l e v e l a t l e a s t , the greatest advances i n the c o n t r o l and prevention of 
r e s p i r a t o r y t u b e r c u l o s i s were being achieved i n those areas where the 
disease already displayed a r e l a t i v e l y low l e v e l of prevalence. I n 
co n t r a s t , the e r a d i c a t i o n of the disease from those areas e x h i b i t i n g 
the highest r a t e s of incidence (except i n the case of pa r t s of North 
Wales) was apparently proving considerably mere d i f f i c u l t t o promote, 
despite the f a c t t h a t i n a l l b ut three cases at l e a s t some improvement 
had been achieved. This process was thereby l e a d i n g t o a s i t u a t i o n i n 
which the d i f f e r e n t i a l between areas i n respect of o v e r a l l n o t i f i c a t i o n 
rates was becoming s t e a d i l y more pronounced, and the r e l a t i v e 
1 2 5 
NET EXPENDITURE ON THE PREVENTION OF 
TUBERCULOSIS IN ENGLAND AND WALES 
1967-68 
- N 
V - / 
C% per 
1,000 
PERSONS 
Over 50 
4 0 - 4 9 
30-39 
2 0 - 2 9 
• • ' 1 0 -19 
• 0 - 9 
Miles 
30 60 
0 30 60 
Kilometres 
COUNTY BOROUGHS ADMIN. COUNTIES 
I'sApoo 
45-49 
40-44 
35-39 
30-34 
Sunderland 
South Shields 
15-19 
Darlington 
10-14 
f*- Gateshead 
Hartlepool 
6 8 10 12 14 
F R E Q U E N C Y 
£'5/1,000 
45-49 
40-44 
35-39 
30-34 
25-29 
20-24 
15-19 
10-14 
*—County Durham 
2 4 6 8 
F R E Q U E N C Y 
Figure 5.2. 
12 6 
s i g n i f i c a n c e of i n d i v i d u a l disease f o c i enhanced. I n t h i s connection, 
i t i s perhaps worthwhile t o note the s i m i l a r i t y between these observa-
t i o n s a t the n a t i o n a l l e v e l and the f i n d i n g s a t the county l e v e l which 
are presented i n s e c t i o n 5 .4.I .2 . below. 
Having considered b r i e f l y the o v e r a l l d i s t r i b u t i o n of r e s p i r a t o r y 
t u b e r c u l o s i s a t the n a t i o n a l l e v e l , and having defined the more s i g n i -
f i c a n t f o c i o f the disease, i t i s perhaps i l l u m i n a t i n g t o consider f o r 
a moment the steps which are being taken t o combat the disease w i t h i n 
the country as a whole. Figure 5.2. was prepared i n order t o demonstrate 
the considerable v a r i a t i o n i n the net expenditure per 1,000 persons on 
the prevention and cure of t u b e r c u l o s i s , between i n d i v i d u a l a d m i n i s t r a -
t i v e counties and county boroughs, f o r the p e r i o d 1567-68.^^ 
Rs may be seen, two of the t h r e e areas of p a r t i c u l a r l y h i g h 
incidence which were i d e n t i f i e d i n f i g u r e 5.1.> namely London and North 
Wales, e x h i b i t e d a correspondingly high l e v e l of net expenditure (over 
£30 per 1,000 persons). I n a d d i t i o n , c e r t a i n other a d m i n i s t r a t i v e areas 
which had been shown t o have q u i t e low n o t i f i c a t i o n r a t e s from r e s p i r a -
t o r y t u b e r c u l o s i s appeared nevertheless t o support a s u r p r i s i n g l y h i g h 
l e v e l of expenditure on the prevention of the disease. For example, 
W i l t s h i r e , w i t h a mean annual n o t i f i c a t i o n r a t e of only 24 per 100,000 
between 1961-5, spent r a t h e r more than £45 per 1,000 of i t s population 
i n the p r e v e n t i o n and cure of Tuberculosis. 
I n sharp c o n t r a s t , the s i t u a t i o n i n County Durham i s somewhat 
d i s a p p o i n t i n g . A f t e r Somerset, County Durham emerged as the county w i t h 
the next lowest net expenditure of a l l the 60 a d m i n i s t r a t i v e counties 
i n England and Wales - v i z . 4/- per 1,000 persons. Moreover, bearing 
( l ) The data f o r Figure 5*2.were derived from the "Local h e a l t h services 
s t a t i s t i c s , 1967-8", prepared by the I n s t i t u t e of Municipal Treasurers 
and Accountants and the Society of County Treasurers (1969). Although 
the s t a t i s t i c s do not r e l a t e s p e c i f i c a l l y t o the period under i n v e s t i g a -
t i o n i n t h i s study, the r e s u l t a n t p a t t e r n of expenditure may nevertheless 
be deemed r e p r e s e n t a t i v e , a t l e a s t i n r e l a t i v e terms. 
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i n mind the considerable and p e r s i s t e n t r e s e r v o i r of i n f e c t i o n , w i t h i n 
the major urban areas of the county (see f i g u r e 5.6.and t a b l e 5>3») 
the s i t u a t i o n i n respect of the county boroughs w i t h i n County Durham 
i s only s l i g h t l y more encouraging. As may be seen from the histogram 
at the base of f i g u r e 5.2., each of the f i v e county borough.?, concerned 
spent l e s s than £25 per 1,000 persons; t h a t i s t o say l e s s than the 
average net expenditure f o r a l l the 12^ . county and London boroughs i n 
England and Wales. 
5.4. R e s p i r a t o r y t u b e r c u l o s i s i n County Durham 
5.4.1. Temporal aspects 
5.4.-T-.1* M o r t a l i t y -'Relevant s t a t i s t i c s c o l l a t e d f o r the period 
1963-7, i n connection w i t h s e c t i o n I I I of t h i s study, d i d not suggest 
any s i g n i f i c a n t t r e n d i n t u b e r c u l o s i s m o r t a l i t y , a t l e a s t i n the short 
term. I n t h e f i v e years period, a t o t a l of 514 deaths from r e s p i r a t o r y 
t u b e r c u l o s i s were recorded i n County Durham; 408 males and 10-6 females. 
The annual breakdown of these f i g u r e s i s given i n t a b l e 5«1« 
5.4.1.2. M o r b i d i t y - As may be seen from f i g u r e 5«4« and t a b l e 5.2., 
the annual numbers of n o t i f i c a t i o n s of r e s p i r a t o r y t u b e r c u l o s i s f o r 
County Durham maintained a steady r a t e o f de c l i n e d u r i n g the p e r i o d 
196l-5o The o v e r a l l decrease was i n the order of 30?°« However, 
considered on a monthly b a s i s ^ ( f i g . 5«4«) the decline i t s e l f 
appeared t o be somewhat more complicated. This s i t u a t i o n not only 
r e f l e c t s the vagaries of chance f l u c t u a t i o n s i n n o t i f i c a t i o n s , but i t 
i s also a rough i n d i c a t o r of the r e l a t i v e a c t i v i t y o f , and the response 
t o , the mobile mass x-ray u n i t s . Thus i t i s not s u r p r i s i n g to note 
( l ) I n order t o f a c i l i t a t e immediate comparison between i n d i v i d u a l months, 
the data f o r f i g s . 5«3« and 5<>4., which were derive d from the R e g i s t r a r 
General's Weekly Return of B i r t h s , Deaths, I n f e c t i o u s Diseases and Weather, 
were standardised t o a fou r week month, as i n the case of the measles 
data (see Chapter 4 supra). 
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1963 1 9 6 4 196.5 1966 1967 T o t a l 
MALES 
County Bor. 
Urban D i s t . 
Rural D i s t . 
T o t a l 
31 28 38 29 26 
28 30 2,0 l;0 27 
2 1 19 16 22 13 
80 77 9 4 9 1 66 
152 
165 
9 1 
408 
FEMALES 
County Bor. 
Urban D i s t . 
Rural D i s t . 
T o t a l 
12 4 7 8 1 1 
8 7 8 12 4 
3 4 4 5 9 
23 15 19 25 21, 
42 
39 
25 
106 
MALES 
& 
FEMALES 
TOTAL 103 92 113 116 90 514 
Table 5»1. Deaths from r e s p i r a t o r y t u b e r c u l o s i s recorded i n County 
Durham, 1 9 6 3 - 7 -
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that the peaks of n o t i f i c a t i o n occur* most frequently during the 
summer months ( p a r t i c u l a r l y May and July) w h i l s t the troughs tend to 
coincide with the periods of autumn and winter. This tends t o concur 
very favourably with the situ a t i o n obtaining at the national l e v e l 
during the same period (figure 5«3»)« 
When the s i t u a t i o n f o r County Durham i s analysed more closely 
(table 5»3»)i i t may be seen that there are s i g n i f i c a n t d i f f e r e n t i a l s 
w i t h i n the County i n respect of the percentage decrease i n n o t i f i c a -
tions during the f i v e year period. Thus whereas the ten r u r a l 
d i s t r i c t s i n the County recorded a decrease of no less than kSfo between 
the two 2-year periods 1961-2 and 1964-5* the corresponding figure f o r 
the f i v e county boroughs was only 3.6%. The urban d i s t r i c t s , on the 
other hand, f e l l i n t o an i n t e i u d i a t e position with a 25.7?? drop i n 
the number of n o t i f i c a t i o n s . 
As a s t a t i s t i c a l check of the above re s u l t s , the percentage 
decreases were subjected to a chi-square test (table 5»3»)« i n the 
case of both the ten r u r a l d i s t r i c t s and the 25 urban d i s t r i c t s , the 
percentage decreases obtained were found to be highly s i g n i f i c a n t 
(p <0.00l) . That i s to say the percentage decrease i n both these 
cases was not l i k e l y to have occurred due to accidents and errors of 
sampling. On the other hand, the small drop i n the number of n o t i f i -
cations i n the case of the f i v e County Boroughs (3»6?2) was not found 
to be s t a t i s t i c a l l y s i g n i f i c a n t . 
The general conclusion to be drav/n from t h i s s i t u a t i o n i s that 
the r u r a l d i s t r i c t s of County Durham are experiencing a f a r more rapid 
and s i g n i f i c a n t decrease i n tuberculosis n o t i f i c a t i o n s than t h e i r urban 
counterparts, and i n part i c u l a r the County Boroughs. Moreover, since 
the r u r a l d i s t r i c t s started the f i v e year period with a si g n i f i c a n t 
advantage over the other two categories of l o c a l authorities i n respect 
13 2 
Cases 
1961-2 
Cases 
1964-5 
Per cent 
decrease x 2 Probability 
County Boroughs 577 555 3.6 0.8 Not s i g n i f i c a n t 
Urban D i s t r i c t s 600 446 25o7 39.8 P < 0 .001,dfsl 
Rural D i s t r i c t s 230 129 45.9 44.3 P < 0.001,df=l 
County Total 1*07 1130 29.7 48o0 P < 0.001, d f = l 
Table 5.3 A s t a t i s t i c a l , analysis of the decline i n the n o t i f i c a t i o n s 
of respiratory tuberculosis between 1961-2 and 1964-5, i n 
County Durham by l o c a l authority category. 
1 3 3 
Annual N o t i f i c a t i o n Rates per 100,000 
1961 - 2 - 1964 - 5 
County Boroughs 51 49 
Urban D i s t r i c t s 46 34 
Rural D i s t r i c t s 38 22 
County Total 46 37 
Table 5*4* Mean annual n o t i f i c a t i o n rates per 100,000 persons 
f o r respiratory tuberculosis i n County Durham 1961-2 
and 1964-5. 
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of n o t i f i c a t i o n rates (see table 5.4.), t h i s process inevitably l e d 
to an even greater disparity between the three categories by the end 
of the period. Thus, whereas i n the years 1961-2 the mean annual 
n o t i f i c a t i o n rate f o r respiratory tuberculosis i n the r u r a l d i s t r i c t s 
was approximately three-quarters the rate recorded f o r the county 
boroughs, during the years 1964-5 t h i s f r a c t i o n had been reduced to 
w e l l under one-half. 
These findings f o r County Durham contrast sharply with the 
general postwar observation that "the disease i s decreasing faster i n 
larger c i t i e s than i n r u r a l d i s t r i c t s . Once the breeder of tubercu-
l o s i s , the c i t y may w e l l t u r n out to be the f i n a l cleanser of i t . " 
(Dubos and Dubos 1953:224). 
Notwithstanding these quite marked d i f f e r e n t i a l s between the 
three categories of l o c a l authorities i n respect of the decline of 
n o t i f i c a t i o n rates, other quite substantial l o c a l variations were seen 
to exist. Figure 5«5« demonstrates the r e l a t i v e l y small percentage 
decreases recorded i n four of the six l o c a l authorities of South 
Tyneside, and also i n the Teesside and Darlington areas to the south. 
I n the contiguous urban d i s t r i c t s of Washington, Houghton-le-Spring 
and Hetton-le-Hole a s l i g h t increase i n the number of n o t i f i c a t i o n s 
was registered, although t h i s trend cannot be regarded as p a r t i c u l a r l y 
s i g n i f i c a n t from a s t a t i s t i c a l point of view. 
I n contrast, Hartlepool M.B., Boldon U.D. and Barnard Castle U.D. 
experienced p a r t i c u l a r l y large percentage decreases (over 45$) which 
were comparable to those recorded i n the s i x r u r a l d i s t r i c t s i n the 
central and western portions of the County. On the other hand, the 
r u r a l d i s t r i c t s of Easington, Sunderland and Darlington were notable 
f o r t h e i r r e l a t i v e l y low rates of decrease, although t h i s anomaly could 
conceivably be explained i n terms of proximity to the r e l a t i v e l y large 
reservoirs of i n f e c t i o n at Sunderland and Darlington respectively. 
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5.4*2. Spatial aspects of the incidence of respiratory tuberculosis 
Reference to figure 5*6. demonstrates the overall s i t u a t i o n of 
South Tyneside as having greatest incidence of respiratory tuberculosis 
in County Durham. The demographic map i n p a r t i c u l a r , and also the 
epidemograph representation f i g u r e 5-7• , indicate the true significance 
of Tyneside as the i n f e c t i o n reservoir. By comparison, even the f o c i 
on Wearside and Teesside must be considered as purely secondary i n 
nature. 
Hebburn U.D. and Jarrow M.B. with mean annual n o t i f i c a t i o n rates 
of 89 and 82 per 100,000 f o r the period 1961-5, respectively, recorded 
the highest absolute incidence rates i n the County. Nevertheless, the 
sheer 'volume' of i n f e c t i o n experienced i n the neighbouring county 
boroughs of Gateshead and Soutn Shields must not be under-estimated. 
(See figures 5«6. and 5.70 
I n comparison, the predominantly r u r a l areas to the south of 
Tyneside recorded surprisingly low levels of incidence, with n o t i f i c a -
t i o n rates i n the order of o n e - f i f t h those reported from Tyneside. 
When the d i s t r i b u t i o n of n o t i f i c a t i o n s i s viewed on an annual 
basis f o r the f i v e year period ( f i g u r e 5.8.) the idea of r e l a t i v e 
s i m p l i c i t y of d i s t r i b u t i o n suggested by figure 5.6. i s to a certain 
extent dispelled. Thus, although i n each of the f i v e maps the area of 
South Tyneside maintains i t s overall supremacy i n terms of incidence, 
the individual l o c a l authorities concerned experienced wide variations 
i n incidence from year to year. For example, whereas Jarrow M.B. 
recorded an annual rate of 118 per 100,000 i n 1963, the corresponding 
rates f o r 1962 and 1965 were substantially lower at 62 and 45 respect-
i v e l y . 
The series of maps i n fi g u r e 5.8. also helps to emphasise the 
genera], amelioration i n levels of incidence that took place during the 
period. I n 1965, only Gateshead C.B. returned a n o t i f i c a t i o n rate i n 
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excess of 75 per 100,000, whereas i n 1962 no less than six individual 
l o c a l authorities were i n t h i s category. Sim i l a r l y , the zone of 
pa r t i c u l a r l y low levels of incidence (less than 25 per 100,000) i n 
1965 was seen to be a more or less consolidated area i n the south and 
central portion of the County, comprising 18 of the County's f o r t y 
l o c a l a u t h o r i t i e s . I n 1962, on the other hand, only six l o c a l 
authorities recorded such low levels of incidence (under 25 per 100,000) 
and t h e i r d i s t r i b u t i o n w i t h i n the County did not suggest any marked 
tendency towards spatial consolidation. 
5*5. Non-respiratory tuberculosis i n County Durham 
5.5.1. Temporal aspects 
Figure 5.4. indicates t h a t , f o r the f i v e year period under con-
sideration, the monthly incidence of non-respiratory tuberculosis i n 
County Durham did not appear to fluctuate substantially from month to 
month, nor was i t possible to discern a s i g n i f i c a n t trend i n the 
s t a t i s t i c s as had been possible i n the case of respiratory tuberculosis 
(see section 5.3.1. supra). This s i t u a t i o n may be explained p a r t l y by 
the small number of cases n o t i f i e d - 479 f o r County Durham between 1961 
and 1965 - and par t l y i n terms of the m u l t i p l i c i t y of forms of non-
respiratory tuberculosis encountered i n general practice. However, 
since a similar regime was seen to ex i s t i n the case of England and 
Wales as a whole ( f i g u r e 5»3.)» i t would appear u n l i k e l y that the County 
Durham si t u a t i o n i s p a r t i c u l a r l y unusual i n t h i s respect. 
Table 5«5. shows that the mean annual number of reported cases 
f o r the County was a l i t t l e under 100, y i e l d i n g an overall case rate 
of 6.8 per 100,000, which compared with a fig u r e of only 5.3 per 100,000 
f o r England and Wales as a whole. The annual fluctuations of n o t i f i c a -
tions f o r a l l three l o c a l authority categories appeared to be of an 
en t i r e l y random nature, since none of these approached any measure of 
s t a t i s t i c a l significance. 
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MEAN ANNUAL NOTIFICATION RATES 
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Prom the available evidence, i t would appear that although 
substantial inroads may have been, and are s t i l l being, made into the 
reservoirs of pulmonary tuberculosis, there appears to be l i t t l e 
i ndication either at the national or the l o c a l county l e v e l that 
similar advances are being achieved i n the case of a l l other forms 
of tuberculosis. 
5«5»2. Spatial aspects of the incidence of non-respiratory tuberculosis 
As i n the case of the respiratory form of the disease, the 
northern parts of the county exhibited the highest n o t i f i c a t i o n rates 
f o r tuberculosis, other forms. The whole of Wearside and Tyneside 
(with the exception of F e l l i n g U.D.) emerged as a consolidated area of 
pa r t i c u l a r l y high incidence i n the north-east of the County, while a 
secondary focus i n the north-west, centred on Stanley U.D., was also 
discernible (figure 5«9«)« 
I n contrast, the south-east corner of the county, including the 
Hartlepools, north Teesside and Darlington, together with the r u r a l 
- areas of west Durham, showed uniformly low n o t i f i c a t i o n rates (less ~ 
than 4 per 100,000). The remainder of the county, comprising much of 
central and eastern Durham, experienced intermediate levels of morbidity. 
Despite the r e l a t i v e l y small numbers of non-respiratory tubercu-
l o s i s n o t i f i c a t i o n s involved, the marked s p a t i a l variations i n the 
disease pattern ( f i g u r e 5»9.) defied explanation i n terms of purely 
random flu c t u a t i o n s . Moreover, the basic s i m i l a r i t y between t h i s d i s t r i -
bution and the one shown i n figure 5«6. tended to lend added significance 
to the spatial variations already noted i n the case of the respiratory 
forms of the disease. 
5«6o Aetiological factors 
A considerable number and variety of factors have been invoked 
to explain the d i s t r i b u t i o n of tuberculosis, and i n particular the 
14 4 
pulmonary form of the disease. Appendix C attempts a b r i e f resume* of 
the most s i g n i f i c a n t contributions to date i n the f i e l d of causation. 
Prom the evidence presented, i t would appear that the d i s t r i b u t i o n of 
tuberculosis i s p r i n c i p a l l y a function of par t i c u l a r social and 
economic conditions rather than the product of the natural or physical 
environment. I t was therefore decided to r e s t r i c t the present study 
to a consideration of the effects of a selected range of socio-economic 
indices as follows 
1. Proportion of the (economically active male population 
i n socio-economic group 1. 
2. Proportion of the economically active male population 
i n socio-economic group 2. 
3. Proportion of the economically active male population 
i n socio-econonxc group 3« 
4. Proportion of the economically active male population 
i n socio-economic group 4* 
5. Proportion of the economically active male population 
i n socio-economic group 5* 
6. Average number of persons per acre. 
7. Percentage of households l i v i n g at less than ^  person 
per room. 
8. Percentage of households l i v i n g at between ^ and % 
persons per room. 
$. Percentage of households l i v i n g at between % and 1 
person per room. 
10. Percentage of households l i v i n g at 1 person per room. 
11. Percentage of households l i v i n g at between 1 and 1 ^ 
persons per room. 
12o Percentage of households l i v i n g at more than 1-g- persons 
per room. 
13. Percentage of households having the exclusive use of 
4 household arrangements (see factors 14-21). 
14. Percentage of households without the use of a fixe d 
bath. 
15. Percentage of households sharing a f i x e d bath. 
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16. Percentage of households without a hot water tap. 
17^  Percentage of households sharing a hot water tap. 
18. Percentage of households e n t i r e l y without a water 
closet. 
19• Percentage of households sharing a water closet. 
20. Percentage of households e n t i r e l y without the use 
of a cold tap. 
21. Percentage of households sharing a cold water tap. 
A l l the above indices are readily available i n a quantitative 
form, and i n each case the values f o r i n d i v i d u a l l o c a l authority areas 
are derived from o f f i c i a l census material f o r 1961 (Registrar General 
1964» and 1966). The data represent i n d i r e c t but comparatively 
objective measures of less readily observable and more intangible 
characteristics such as poverty, housing conditions and general l i v i n g 
standards. I n previous studies, such characteristics have been gauged 
i n an essentially subjective fashion. For example, Bradbury,in defining 
his term insanitary dwelling, employs no less than s i x separate c r i t e r i a ; 
a l l of which required a considerable degree cf subjective assessment. 
(Bradbury 1933). 
Factors 1-5 are measures of socio-economic status of the 
economically-active male population between 15 and 65 years. By i m p l i -
cation, t h i s type of index may be used to define the t o t a l population 
through the household or family u n i t . Although socio-economic status 
relates essentially to the mode of occupation - manual or non-manual 
(professional); s k i l l e d or unskilled, etc. - i t i s nevertheless an 
extremely useful indicator of the r e l a t i v e conditions experienced at 
both home and work. 
Factors 6-12 inclusive are a l l indices of density. As such they 
provide a useful measure of the r i s k of i n f e c t i o n both w i t h i n and outside 
the home environment. From an epidemiological point of view i t i s not 
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unreasonable to assume that as densities become greater the potential 
number of contacts between individuals w i l l also increase. As such 
density may be seen to be an extremely important predispositional 
factor i n f a c i l i t a t i n g the transmission 4f i n f e c t i o n . On the other 
hand, density and i n pa r t i c u l a r overcrowding, must also be regarded as 
an additional, though i n d i r e c t , index of a number of other c r i t e r i a , 
such as general l i v i n g standards and housing conditions. 
Factors 13-21 inclusive are a l l additional indices of l i v i n g 
conditions, which may be employed, not only to define the age and 
condition of housing i n an area, but also as a fu r t h e r guide to the 
social and economic circumstances of the occupants themselves. 
A further group of factors, concerned with the age-structure of 
the population by l o c a l authority areas, was also included f o r i n i t i a l 
consideration. However, since none of these additional factors was 
subsequently shown t o have any si g n i f i c a n t bearing on the geographical 
d i s t r i b u t i o n of tuberculosis w i t h i n County Durham, i t was decided to 
exclude them from further investigation and discussion. 
5.6.1. A simple correlation analysis 
The twenty-one factors defined above were tabulated f o r the f o r t y 
l o c a l authority divisions of County Durham, and subsequently correlated 
with the corresponding values, f o r tuberculosis incidence. I n a l l , seven 
d i f f e r e n t measures of tuberculosis were considered. These were a) the 
mean annual n o t i f i c a t i o n rate f o r respiratory tuberculosis between 1961 
and 1965» b ) - f ) the annual n o t i f i c a t i o n rates f o r respiratory tubercu-
l o s i s f o r the f i v e individual years, and g) the mean annual n o t i f i c a t i o n 
rates f o r non-respiratory tuberculosis between 1961 and 1965 (see 
figures 5*6., 5»8. and 5«9» respectively). The resultant coefficients 
of correlation (obtained by using the product-moment method) together with 
an ind i c a t i o n of the s t a t i s t i c a l significance of each are given i n table 5. 
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RESPIRATORY TUBERCULOSIS 
Tubere. 
Non-Resp. 
Not.Rate 
1961-65 FACTOR 
(Jean Ann. 
Not.Rate 
1961-65 
1961 1962 1963 1964 1965 
1. Socio-Econ. Gr. 1 -0.05 0.01 0.03 -0.16 -0.10 0.04 -0.15 
2. Socio-Econ. Gr. 2 0.24 0.24 0.07 0.10 0.19 0.32* -0.23 
3- Socio-Econ. Gr. 3 0.62*** 0.36* 0.60*** 0.59*** 0.54*** 0.50*** 0.36* 
4. Socio-Econ. Gr. 4 -0.46** -0.46 -0.38* -0.31* -0.38* -0.37* 0.24 
5. Socio-Econ. Gr. 5 0.57*** 0.53*** 0.45** 0.55*** 0.45** 0.39* -0.12 
6. Density per Acre 0.69*** 0.54*** 0.52*** 0.69*** 0.53*** 0.63*** 0.15 
7. % less than ^ p.p.r . -0.36* -0.20 -0.36* -0.34* -0.31 -0.30 -O.48** 
8. $ p.p.r. -0.40* -0.27 -0.42** -0.41** -0.30 -0.24 -0.39* 
9. fo f - 1 p.p.r. -0.53*** -0.44** -0.48** -0.53*** -0.37* -0.36* -0.45** 
10. % at 1 p.p.r. 0.20 0.03 0.29 0.14 0.14 0.25 0.38* 
11. % 1-1^ p.p.r. 0.46** 0.32* 0.46** 0.42** 0.36* 0.37* 0.42** 
12. ?S over l£ p.p.r. 0.56*** 0.47** 0.44** 0.55*** 0.42** 0.48** 0.61*** 
13. $ with 4 Arrangemts -0.08 -0.11 0.00 -0.17 -0.05 0.02 -0.37* 
14. Without f i x e d bath -0.08 0.10 0.01 0.17 0.05 -0.04 0.39* 
15. Sharing f i x e d bath 0.11 0.13 -0.06 0.14 0.02 0.28 0.03 
16. Without hot tap 0.21 0.20 0.13 0.27 0.17 0.09 0.29 
17. Sharing hot tap 0.14 0.11 -0.04 0.17 0.07 0.30 0.06 
18. Without W.C. -0.34* -0.28 -0.24 -0.32* -0.31* -0.28 -0.00 
19. Sharing W.C. 0.37* 0.31* 0.18 O.46** 0.28 0.37* 0.30 
20. Without cold tap 0.28 0.32* 0.12 0.35* 0.23 0.15 0.06 
21. Sharing cold tap 0.23 0.20 0.04 0.28 0.14 0.35* 0.19 
*** Very Highly Significant, P < 0.001 
** Highly Significant, 0.01 > P > 0.001 
* Sign i f i c a n t , 0.05 > P > 0.01 
Table 5.6 Coefficients of Correlation between N o t i f i c a t i o n Rates per 100,000 
f o r tuberculosis, and selected social indices by Local Authority 
Areas i n County Durham, 1961-5. 
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5.6.1.1. Socio-economic factors ( l - 5 ) . 
In the case of respiratory tuberculosis, the coefficients of 
correlation between socio-economic status and the mean annual n o t i f i c a -
t i o n rates (1961-5) were shov/n to be s i g n i f i c a n t for groups 3j 4> and 5-
Two of these, groups 3 and 5, exhibited strong positive correlations, 
whilst group 4 (semi-skilled manual workers) rather surprisingly showed 
a strong negative correlation. Figure 5*10.(b) summarises these 
findings i n a more graphical form than table 5*6. I n p a r t i c u l a r , the 
dramatic swing from a positive association i n the case of groups 3 and 5 
to an equally strong negative association f o r group 4 i s clearly demons-
tr a t e d . In addition, the lack of s t a t i s t i c a l association i n the case of 
groups 1 and 2 i s also displayedo 
When the s i t u a t i o n i s analysed f o r individual years, t.'ie positive 
correlation f o r socio-economic group 3 ( s k i l l e d manual workers) i s seen 
to be remarkably consistent ( p < 0 . 0 0 l ) with the exception of 1961. I n 
contrast, the corresponding coefficients of correlation f o r groups 4 and 
5 tend to fluctuate more widely, although s t i l l r e taining a substantial 
measure of s t a t i s t i c a l significance. 
A similar analysis of m o r t a l i t y s t a t i s t i c s which were collated i n 
connection with section I I I o f t h i s thesis, revealed a substantially 
d i f f e r e n t situation than i n the case of n o t i f i c a t i o n s . Figure 5.10.(a) 
provides a visual representation of the coefficients obtained by 
correlating socio-economic status and standardised m o r t a l i t y r a t i o s from 
respiratory tuberculosis for the f o r t y l o c a l authority areas of County 
Durham between 1963 and 1967. As i n the case of figure 5 .10 .(b), socio-
economic group 3 ( s k i l l e d manual workers) exhibited a s i g n i f i c a n t positive 
correlation c o e f f i c i e n t . However, i t i s surprising to note that both 
groups 4 and 5 f a i l e d to achieve any measure of s t a t i s t i c a l significance 
i n t h e i r association with the m o r t a l i t y rates. On the other hand, socio-
economic group 1 displayed a strong negative relationship, which was 
s t a t i s t i c a l l y speaking highly s i g n i f i c a n t (p<0.00l) . 
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The low coefficients of correlation i n the case of females 
( f i g u r e 5.10.(a)) may be explained largely i n terms of the small 
numbers of deaths from tuberculosis that occur amongst women. However, 
i t i s interesting to note that the overall regime of coeff i c i e n t s i s 
nevertheless similar i n both sexes. 
Figure 5>11* shows the mean annual n o t i f i c a t i o n rates f o r res-
piratory tuberculosis plotted against the proportion of economically 
active males i n socio-economic group 3 f o r the f o r t y l o c a l authority 
areas of the County. From the diagram a number of extremely i n t e r e s t i n g 
facts emerge. F i r s t l y , the f i v e l o c a l authorities i n South Tyneside are 
considerably detached from the other points of the scatter. Secondly, 
when the ten r u r a l d i s t r i c t s are considered i n i s o l a t i o n , the regression 
between the two factors i s seen to be p a r t i c u l a r l y s i g n i f i c a n t , despite 
the small numbers of n o t i f i c a t i o n s involved. The positive c o e f f i c i e n t 
of correlation (R = + 0.92) rvas seen to be very highly s i g n i f i c a n t 
(p<0 .001 , df.=8). By comparison, the corresponding association f o r the 
urban areas, excluding the f i v e South Tyneside l o c a l authorities,wa_g 
considerably less well-defined than i n the case of the r u r a l d i s t r i c t s , 
although s t i l l s t a t i s t i c a l l y s i g n i f i c a n t (R = + O.48, 0 .05>p>0 .01 f o r 
df.=23). 
Although the above results f o r County Durham appear to concur 
quite favourably with the findings of previous workers i n t h i s f i e l d , 
one or two minor anomalies do emerge which deserve a measure of fu r t h e r 
comment and explanation. 
I n the f i r s t place, the significance of the relationship involving 
socio-economic group 3 workers i s f a r greater than that noted by eit h e r 
Merrett (1959) or Benjamin (1953). In both the l a t t e r cases, i t was the 
relationship involving socio-economic group 5 workers which yielded the 
most s i g n i f i c a n t positive association. Secondly, i t was rather surprising 
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to discover that the second-degree relationships involving n o t i f i c a t i o n 
and mortality rates (figure $.10.(b), and fig u r e 5.10.(a) respectively) 
displayed essentially d i f f e r e n t regimes. And t h i r d l y , the negative 
relationship noted i n the case of socio-economic group 4 (semi-skilled 
workers) was substantially more si g n i f i c a n t than the similar trend 
observed by Merrett i n Northern Ireland (Merrett 1959)« This seemingly 
anomalous s i t u a t i o n may be explained at least p a r t l y i n terms of a) the 
spatial d i s t r i b u t i o n of the various socio-economic groups w i t h i n the 
County, and b) the type of i n d u s t r i a l environment with which each i s 
predominantly associated. 
The majority of l o c a l authority areas e x h i b i t i n g a high proportion 
of group 3 workers ( s k i l l e d manual) amongst t h e i r employed male popula-
t i o n are located i n the long-established i n d u s t r i a l areas of the County 
(f i g u r e 5«12.) - notably Tyneside, Wearside and Hartlepool. I n these 
areas, many i n d u s t r i a l concerns, including chemical and engineering works, 
together with ship building and repair yards, are s t i l l confined, by 
i n e r t i a , to t h e i r o r i g i n a l s i t e . Many of jthe buildings are outmoded, 
cramped and i l l - v e n t i l a t e d ; and as a result the working conditions 
experienced i n particular industries especially on Tyneside are parti c u -
l a r l y unfavourable as judged by modern standards. The significance of 
such conditions i n the dissemination of the tubercle b a c i l l u s has been 
demonstrated by such workers as Col l i s (1923). In addition, the con-
comitant age and condition of much of the housing i n these same areas 
have, despite the effects of the extensive redevelopment programmes of 
the l a s t decade, meant that a si g n i f i c a n t proportion of the s k i l l e d 
population has been obliged to l i v e i n sub-standard housing. This 
provided a further source of i n f e c t i o n amongst the s k i l l e d population, 
which constitutes between f o r t y and f i f t y per cent of the economically 
active male population i n these areas. 
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I n contrast, the areas with the highest proportion of semi-skilled 
workers (group 4) are located predominantly i n central Durham, away from 
the major urban concentrations (f i g u r e 5-12.) - notably Easington, 
Durham and Sedgefield r u r a l d i s t r i c t s ; and Brandon, Crook and Hetton 
urban d i s t r i c t s . With the decline of mining i n these areas, t h i s 
p a r t i c u l a r sector of the working population i s becoming absorbed i n t o 
the growing number of new l i g h t industries which are appearing on indus-
t r i a l sites throughout the County. Situated away from the main 
reservoirs of tuberculosis i n f e c t i o n , and enjoying considerable advant-
ages i n both housing and working conditions, i t i s perhaps not surprising 
that many of these areas are experiencing the most rapid declines i n 
n o t i f i c a t i o n rates (see section 5»4«1« supra). This also helps to 
explain the unexpectedly high negative correlation c o e f f i c i e n t noted i n 
the case of socio-economic group 4 ( f i g u r e 5«10.) . 
When socio-economic status i s correlated with the mean annual 
n o t i f i c a t i o n rates f o r non-respiratory tuberculosis, i t was discovered 
that only the relationship involving group 3 achieves any measure of 
s t a t i s t i c a l significance. Even on t h i s p a r t i a l basis, however, the 
r e p e t i t i o n of a si g n i f i c a n t positive c o e f f i c i e n t of correlation i n t h i s 
case (R = + O.36, 0.05>p>0.0l) lends added support to the corresponding 
results obtained f o r respiratory tuberculosis. 
5.6.1.2. Density factors (6-12) 
Of a l l the 21 factors considered i n the present correlation 
analysis, factor 6, the number of persons per acre, displayed the 
highest degree of correlation with the mean annual n o t i f i c a t i o n rate f o r 
respiratory tuberculosis between 1961 and 1965 (R = + O.69, p<0.00l). 
Furthermore, when the s i t u a t i o n was analysed more closely, i t was noted 
that the coefficients obtained f o r each of the f i v e years were a l l 
positive, and s t a t i s t i c a l l y speaking very highly signficant (p<0.00l) . 
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Figure 5»13. indicates graphically the s t a t i s t i c a l r elationship 
which exists between the mean annual n o t i f i c a t i o n rates (1961-5) and 
density per acre, by l o c a l authority i n County Durham. The overall 
s t a t i s t i c a l association between the two factors i s readily apparent. 
However, when the scatter i s analysed fu r t h e r i n terras of the geograp-
h i c a l location of individual points, a well-defined spatial pattern 
emerges. A l l those points situated above the l i n e i n figure 5»13« 
were found to be l o c a l authorities i n the north and west of the County, 
wh i l s t those below the l i n e represented l o c a l authorities i n the south 
and east of Durham. By undertaking such an a r b i t r a r y d i v i s i o n purely 
i n terms of geographical c r i t e r i a , i t was subsequently discovered that 
the degree of association between the two factors under consideration 
was further enhanced, p a r t i c u l a r l y i n those l o c a l authorities above the 
l i n e (R = 0.91, p<0.001, df 15) - i . e . to the north and west of the 
County. Furthermore, i t may be noted from figure 5.13« that the slope 
of the regression f o r the points above the l i n e was substantially steeper 
than the corresponding regression f o r the points below the l i n e . From 
t h i s l a t t e r observation i t would appear that the influence of t h i s 
p a r t i c u l a r density factor i s e f f e c t i v e l y greater i n and around what may 
be defined the reservoir areas f o r the disease. 
Turning to a consideration of the e f f e c t of l i v i n g densities 
(expressed i n terms of persons per room) upon the incidence of respiratory 
tuberculosis, i t may be seen that although the individual results were 
not so consistent or s i g n i f i c a n t as i n the case of factor 6 above, they 
nevertheless yielded valuable insight i n t o the causation and transmission 
of the disease. 
Table 5.6. and figure 5»14^ c l e a r l y demonstrate the strong s t a t i s -
t i c a l relationship which exists between the proportion of the population 
l i v i n g at particular room densities arid the corresponding n o t i f i c a t i o n 
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rates f o r respiratory tuberculosis. I n particular, the association 
involving the proportion of the population l i v i n g i n overcrowded 
conditions (more than 1^ - persons per room) was shown to be consistently 
positive and highly s i g n i f i c a n t (0.01>p>0.00l) f o r each of the f i v e 
years under consideration. Similar positive, though less s i g n i f i c a n t , 
relationships were seen to exist i n the case of the categories containing 
one person, and one to one and a ha l f persons per room respectively. 
I n contrast, the coefficients of correlation obtained f o r the three 
categories with the lowest l i v i n g densities - v i z . under 1 person per 
room - were a l l negative, and quite s i g n i f i c a n t l y so. This well-defined 
swing from a positive to a negative correlation at or around a threshold 
value of 1 person per room i s an especially i n t e r e s t i n g phenomenon which 
should surely merit further investigation. I t i s true of course that 
when such a 'closed' data set i s subjected to t h i s type of correlation 
analysis involving a l l elements of the set, positive deviations of 
coefficients must by necessity be counter-balanced by other negative 
deviations. However, even allowing f o r -this, the p a r t i c u l a r regime noted-
i n f i g u r e 5*14« appears far too symmetrical to have been evoked by such 
a system of random compensations. 
A similar relationship between l i v i n g densities and n o t i f i c a t i o n 
rates was also seen to exist i n the case of the non-respiratory forms of 
the disease. Indeed, i n many ways the regime of correlation coefficients 
(figure 5»15») was even more dramatic than i n the previous example 
(f i g u r e 5»14«)» despite the substantially smaller number of n o t i f i c a t i o n s 
involved. For each of the six categories of l i v i n g density, the c o e f f i -
cients of correlation obtained proved to be s t a t i s t i c a l l y s i g n i f i c a n t 
(p<0.05). Once again, the value of 1 person per room emerged as the 
apparent threshold between the positive and negative associations. 
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5.6.1.3. Indices of l i v i n g conditions (factors 13-2l) 
Although Stein (1952) was of the opinion that " housing 
conditions form the largest single factor i n the 'complex1 (of 
causation)", the present investigation f a i l e d to achieve such convincing 
res u l t s . This may be explained p a r t l y i n terms of the larger and there-
fore less homogeneous units employed i n the c o l l a t i o n and analysis of 
the data - v i z . l o c a l authority areas as opposed t o wards and parishes 
used by Stein - and partly by the r e l a t i v e l y small percentage values of 
many of the factors i n t h i s group. With regard to t h i s l a t t e r point, i t 
i s perhaps worth remembering that only i n the case of factors 13 and 14 
(the percentage of households with the exclusive use of four household 
arrangements, and the percentage of households without a fi x e d bath, 
respectively) was more than 15$ of the population of i n d i v i d u a l areas 
under consideration at any given time. That i s to say, the majority of 
these indices were i n fact only representative of small minority groups 
of households withi n the County. 
Nevertheless, despite the above l i m i t a t i o n s , a number of extremely 
in t e r e s t i n g s t a t i s t i c a l relationships emerged, between the s p a t i a l 
patterns of t h i s particular group of indices and the geographical d i s t r i -
bution of n o t i f i c a t i o n rates f o r tuberculosis. (Table 5.6.) 
I n the case of the respiratory form of the disease, the most s i g n i -
f i c a n t and consistent relationship was the positive correlation noted 
between the n o t i f i c a t i o n rates f o r tuberculosis and the percentage of 
households sharing water closets. This particular observation could be 
interpreted i n one of two ways. F i r s t l y , i t might suggest that the actual 
process of sharing such f a c i l i t i e s was d i r e c t l y concerned w i t h the trans-
mission of the tubercle b a c i l l u s . A shared water closet would r e s u l t i n 
the gradual decline i n the general hygienic standards that might otherwise 
have been maintained by a single household. This state of a f f a i r s would 
tend to enhance the p o s s i b i l i t y of the tubercle b a c i l l u s being fostered 
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i n the water closet i t s e l f ; thereby increasing the chances of cross-
i n f e c t i o n between family groups as well as between members of the same 
household. On the other hand, i t might be argued that there i s i n fact 
no direct causal relationship i n t h i s case, but that the d i s t r i b u t i o n 
of households sharing water closets i s only one of many indicators of 
the crowded overall l i v i n g conditions i n which tuberculosis i s pa r t i c u -
l a r l y prevalent. As Bradbury (1933*48) comments, "Evidence of sanitation 
being a contributory cause of tuberculosis i s not found, although the 
results are consistent with t h i s hypothesis." Rather he considers that 
"The association observed between tuberculosis and insanitation can be 
completely explained by the greater poverty of tuberculosis families 
compelling them t o l i v e i n houses which are r e l a t i v e l y insanitary." 
Rather surprisingly, the corresponding relationship involving the 
percentage of households completely without the use of a water closet i s 
characterised by a negative correlation, which i s consistent throughout 
the f i v e year period and i s s i g n i f i c a n t i n three cases. This rather 
spurious s i t u a t i o n may be explaine.d i n terms of the higher proportion 
of dwellings i n south and west Durham which s t i l l have outside sanitation 
(1961 f i g u r e s ) . I n t h i s connection, the l o c a l authorities of Brandon, 
Tow Law, Crook, Bishop Auckland and Barnard Castle R.D. are p a r t i c u l a r l y 
unfavourable, with more than 12^ 2 of the households without water closets. 
I n the case of factors 20 and 21, concerned with the a v a i l a b i l i t y 
of a cold water tap, the coefficients of correlation were consistently 
p o s i t i v e , and f o r individual years were seen to achieve at least a 
measure of s t a t i s t i c a l significance (0.05>P>0.0l). However, as i n the 
case of factors 18 and 19 above, i t 7/ould appear extremely un l i k e l y that 
the geographical d i s t r i b u t i o n of shared cold water taps could i t s e l f have 
any d i r e c t bearing on the incidence of tuberculosis. Rather i t would 
appear that t h i s factor must be regarded as a further indicator of other 
unfavourable environmental circumstances more intimately connected with 
16 1 
the actual transmission of the disease. 
I n the case of the non-respiratory forms of the disease, the 
associations with factors 13 to 21 were seen to be somewhat less dramatic 
I n f a c t , only two of the coefficients of correlation were s t a t i s t i c a l l y 
s i g n i f i c a n t (Table 5.6.). The f i r s t of these, fa c t o r 13, the percentage 
of households having the exclusive use of four 'arrangements', e l i c i t e d 
a s i g n i f i c a n t l y negative relationship, which tended to suggest that over 
the County as a whole n o t i f i c a t i o n rates were lowest i n those areas where 
household f a c i l i t i e s (and, by implication, housing conditions i n general) 
were of a higher standard. Conversely, the higher n o t i f i c a t i o n rates 
tended to occur most frequently i n those areas where such household 
f a c i l i t i e s were lacking. The only other factor e x h i b i t i n g a s i g n i f i c a n t 
c o e f f i c i e n t of correlation v/as factor 11+, the percentage of households 
e n t i r e l y without the use of a fixed bath. In t h i s case, the coe f f i c i e n t 
was positive and s i g n i f i c a n t (0.05>p>0.0l) . 
5.6.1.4- Additional factors considered^^ 
For 28 l o c a l authorities i n the-north and east of the "County, a 
further f i v e factors were investigated i n r e l a t i o n to the d i s t r i b u t i o n of 
n o t i f i c a t i o n rates from respiratory tuberculosis. These were concerned 
s p e c i f i c a l l y with the condition of dwellings w i t h i n the l o c a l authorities 
measured i n terms of age and rateable value. They were as follows:-
1. The number of slum dwellings cleared between 1955 and 
1966, expressed as a percentage of the t o t a l number 
of dwellings i n 1955* 
2. The percentage of nineteenth century dwellings i n 1951. 
3. The percentage of dwellings with a rateable value of 
£30 or under. 
If.. The percentage of dwellings with a rateable value of 
£31 - £57. 
( l ) The data f o r the f i v e factors considered i n t h i s section were kindly 
supplied by Dr. P. Shoebridge (1969) from his work on inter-war housing 
i n the Tyneside area. 
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Factor 
Mean Ann 
Not.Rate 
1961-65 
1961 1962 1963 1964 1965 
1. Slums cleared 1955-66 0.52** 0.43* 0.25 0.58** O.46* 0.45* 
2 . fo dwellings pre-1900 0.36 0.35 0.17 0.35 0.26 0.40* 
3 . Rateable v a l . £ 3 0 -0.30 -0.31 -0 .37 -0.16 -0 .15 -0 .32 
i.. Rateable v a l . £ 3 0 - £ 5 7 -0.24 -0 .26 -0.32 -0 .03 -0 .14 -O.27 
5. Rateable v a l . £57 O.46* 0.43* 0;55** 0.18 0.34 0.46* 
* S t a t i s t i c a l l y s i g n i f i c a n t . 
** S t a t i s t i c a l l y highly s i g n i f i c a n t . 
Table 5 .7 . Coefficients of correlation betv/een n o t i f i c a t i o n rates from 
respiratory tuberculosis and specific indices of dwelling 
conditions i n County Durham, I 9 6 I - 6 5 . (28 l o c a l a u t h o r i t i e s 
i n the north and east of the county considered). 
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5. The percentage of dwellings with a rateable value i n 
excess of £57. 
Table 5<>7. indicates the coefficients of correlation which were 
obtained using the product-moment method, when the f i v e factors were 
compared with the corresponding n o t i f i c a t i o n rates from respiratory 
tuberculosis between 19&L and 1965. 
I t was discovered that the relationships involving the f i r s t 
f a c tor (the proportion of slum dwellings cleared) was s t a t i s t i c a l l y 
speaking the most s i g n i f i c a n t of the f i v e . Moreover, the highly s i g -
n i f i c a n t positive association, p a r t i c u l a r l y i n the case of the mean 
annual n o t i f i c a t i o n rate, appeared to concur most favourably with the 
findings already discussed i n sections 5.6.1.1. - 5«°.1«3. above. A 
high rate of slum clearance i s in i t s e l f an admission of an existing 
housing problem, and i s indicative that unfavourable l i v i n g conditions 
have been widespread f o r a considerable period of time. Under such 
circumstances, one might expect that the perpetuation of the disease 
would have been actively encouraged, thereby e l i c i t i n g correspondingly 
high n o t i f i c a t i o n rates. 
The degree of association noted i n the case of the second factor 
(percentage of housing b u i l t before 1900 ) was considerably less, although 
the relationship was consistently positive. This tended to suggest that 
the absolute age of a dwelling was a less s i g n i f i c a n t influence i n deter-
mining the overall prevalence of the disease than many other c r i t e r i a 
concerned with the condition of the dwelling or the a v a i l a b i l i t y of 
specific household amenities and f a c i l i t i e s . 
The coefficients of correlation obtained f o r factors 3-5, r e l a t i n g 
to the rateable values of dwellings, revealed that there was i n f a c t a 
positive relationship between individual n o t i f i c a t i o n rates and the 
percentage of dwellings with a rateable value i n excess of £57. I n 
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contrast, areas possessing a high percentage of dwellings with a low 
rateable value (under £30) tended on average to experience lower n o t i -
f i c a t i o n rates from respiratory tuberculosis. This seemingly anomalous 
situation may be explained i n terms of the considerable rural/urban 
d i f f e r e n t i a l of rateable values. This does not represent a c o n f l i c t i n g 
element of causation, but merely reinforces the conviction that tubercu-
l o s i s i s a disease of urban l i v i n g . 
5.6.2 Multiple correlation analysis 
During the i n i t i a l investigation of the simple s t a t i s t i c a l 
relationships existing between the d i s t r i b u t i o n of tuberculosis and 
certain social and economic factors (supra section 5.6.1.) i t became 
increasingly apparent that most, i f not a l l , of the factors were them-
selves causally i n t e r r e l a t e d . As a r e s u l t , the e f f e c t of one particular 
factor may have become essentially duplicated i n one or more of the 
other factors considered. Under these circumstances, i t was deemed neces-
sary to determine the extent and nature of t h i s interdependence or d u p l i -
cation of factors i n order to i d e n t i f y more precisely the most s i g n i f i c a n t 
strands i n the complex web of causation. 
As an i n i t i a l step, only the four most s i g n i f i c a n t factors were 
abstracted from the matrix of simple correlation c o e f f i c i e n t s (section 
5.6.1.supra) f o r consideration. These were subsequently subjected to a 
process of progressive factor compounding, by means of multiple regression 
analysis. A suitable computer programme was w r i t t e n f o r t h i s purpose, 
incorporating four standard I.B.M. sub-routines.^"^ 
By 'adding1 factors together i t was possible to appreciate the 
combined effect of two or more variables on the d i s t r i b u t i o n of the 
( l ) A sample of the results output by this programme i s provided i n 
Appendix D, and a l i s t i n g of the programme i t s e l f i s presented i n 
Appendix E. 
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dependent variable (respiratory tuberculosis). By comparing these 
results with those obtained by simple correlation techniques, the 
extent to which particular variables overlapped w i t h one another could 
be conveniently gauged. This l a t t e r effect i s what Krumbein (1959) 
terms 'duplication of information' already supplied by other independent 
variables. 
Conventionally, the variable displaying the strongest degree of 
association with the dependent variable during analysis by simple 
correlation - i n t h i s case density per acre - i s adopted as the basis 
f o r subsequent multiple regression, and then the remaining independent 
variables are combined with i t i n t u r n . However, as Krumbein points 
out, "the strongest variable i t s e l f may be influenced by other variables, 
auri i f the c r i t e r i o n of the reduction i n the sum of squares of X q i s not 
physically sound, even the apparently strongest variable may be showing 
a spurious e f f e c t " ( 1 9 5 9 * 5 8 0 / , Under the present circumstances, however, 
the relevance of the factor of density per acre to the investigation of 
an infectious disease such as tuberculosis requires l i t t l e or no j u s t i -
f i c a t i o n . Indeed, the concept of ' c r i t i c a l 1 or 'threshold' density values 
for susceptibles has f o r a long time been fundamental to epidemiology 
(Hamer 1906, Kermack and McKendrick 1927 , 1 9 3 2 , 1937 and 1 9 3 9 ) . 
The simple correlation analysis revealed that the factor of density 
per acre accounted f o r j u s t over l^Bfo of the v a r i a t i o n i n the n o t i f i c a t i o n 
rates for respiratory tuberculosis i n County Durham during the period 
1 9 6 1 - 6 5 . ^ This meant that a l i t t l e under 52/o of the var i a t i o n i n the 
d i s t r i b u t i o n remained to be explained i n terms of 'other factors* and 
also the vagaries of chance. I n the case of the other three factors under 
i n i t i a l consideration, namely socio-economic-group 3 ; socio-economic-
group 5> and the percentage of persons l i v i n g at more than 1^ persons per 
( l ) The percentage explanation of the d i s t r i b u t i o n i s equal to R^ x 100 , 
where R i s the coefficient of simple correlation. 
i 66 
^ ^ ^ ^ T 
01 
(J 
(A 
^ ^ ^ ^ ^ U 
|2 Z I o 
^ ^ ^ ^ ^ 
- m in 
at OD CkJ 
(A 
(r CD 
8 W 5 
0 51 
J 
u in 
^ ^ ^ ^ ^ 2 3 2 i Z to in en CM 
1N3IDHJ3CO NOIlV13ddO0 3HdinnW 
F i g u r e 
167 
room, the corresponding percentage explanations a t t r i b u t a b l e t o the 
simple correlation coefficients were substantially lower, at }8, 32 
and 31 per cent respectively. 
Figure 5«16. provides a diagrammatic representation of the pro-
gressive compounding involving the four i n d i v i d u a l factors. I t may be 
seen that i n the case of density per acre, the addition of a second 
factor contributes l i t t l e to the overall percentage explanation - v i z . 
~f?a i n the case of socio-economic group 3 and only 1% i n the case of 
socio-economic group 5« This suggested that the bulk of the 'causal 
information' provided by the second factors had already been accounted 
f o r by the v a r i a t i o n i n the i n i t i a l factor - density per acre. 
By comparison, the compounding of factors other than density per 
acre produced a marked diminution i n the degree of overlap or information 
duplication. Thus the multiple correlation c o e f f i c i e n t obtained by com-
bining the effects of socio-economic group 3 and socio-economic group 5 
(E = 0.74) represented an increase of over 17$ i n the explanation of the 
d i s t r i b u t i o n of respiratory tuberculosis compared with the simple cor-
r e l a t i o n coefficient (R = + 0.62). This indicated that the two factors 
were making substantially d i f f e r e n t contributions to the overall explana-
t i o n of the d i s t r i b u t i o n of n o t i f i c a t i o n rates, despite the fa c t that the 
bulk of the explanation was i n both cases s t i l l a t t r i b u t a b l e to pa r t i c u l a r 
elements of causation held i n common by the two factors. 
The addition of a t h i r d factor added only s l i g h t l y t o the overall 
percentage explanation as calculated from the c o e f f i c i e n t of multiple 
correlation. Indeed i n no case was the increase i n explanation seen to 
be i n excess of lff>\ a fact which fur t h e r underlined the considerable 
interdependence of the four factors. Similarly, when a l l four factors 
were compounded, a further increment of only jfa was achieved. In t h i s 
case, the overall coefficient of correlation was found to be O.78, 
yielding an explanation of j u s t over 61$, leaving a fu r t h e r 39$ of the 
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variance to be explained i n terms of additional factors. 
Figure 5 « 1 7 . shows the mapped residuals of t h i s four-factor 
regression analysis. As may be seen, consolidated areas of s i g n i f i -
cant residuals existed w i t h i n the County. In p a r t i c u l a r , the l o c a l 
authorities of South Tyneside emerged as an area of high positive 
residuals, while the Hartlepool area i n the south-east of the County 
yielded s i g n i f i c a n t negative residuals. In addition, a number of more 
minor peaks and troughs of residuals were noted, although the majority 
of these could be explained i n terms of purely random flu c t u a t i o n s . 
The foregoing analysis tended to indicate that whereas the four 
factors considered so f a r had been successful i n explaining the broader 
patterns of respiratory tuberculosis with i n County Durham, at the l o c a l 
l e v e l the influence of additional factors was more s i g n i f i c a n t . For 
t h i s reason, i t was decided to continue the process of factor compounding 
a l i t t l e f u rther i n an e f f o r t to establish whether or not the consider-
able polarisation of residuals noted i n figure 5 « 1 7 » could indeed be 
explained i n terms of other factors. 
Retaining the four i n i t i a l factors (factors 3» 5 , 6 and 1 2 ) , each 
of the 17 other factors were incorporated i n t u r n i n t o the multiple 
regression, to determine the extent t o which they contributed to the 
overall explanation of the d i s t r i b u t i o n . From the subsequent computation 
factor 18 - the percentage of households e n t i r e l y without the use of a 
water closet - emerged as the most si g n i f i c a n t additional factor, c o n t r i -
buting a further 8$ to the overall explanation of the d i s t r i b u t i o n . 
The mapped residuals i n t h i s case (figure 5 . 1 8 . ) revealed a dramatic 
contraction i n the area occupied by s i g n i f i c a n t l y high residuals, 
p a r t i c u l a r l y South Tyneside. On the other hand, the reduction i n the area 
occupied by strong negative residuals was considerably less noticeable. 
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By taking the process a stage further and incorporating a s i x t h 
factor ( i n addition to the f i v e considered above), i t was found possible 
to achieve a further reduction i n the area of positive residuals i n 
Tyneside, although i t was noted that there was a compensatory increase 
i n the negative residuals, p a r t i c u l a r l y i n the Seaham area ( f i g u r e 5 . 1 9 - ) • 
I n t h i s case, the most s i g n i f i c a n t additional f a c t o r was found t o be 
factor 1 2 , the percentage of households sharing the use of a hot water 
tap. The c o e f f i c i e n t of multiple correlation was 0 . 8 7 , y i e l d i n g 75$ 
explanation of the overall d i s t r i b u t i o n . 
These re s u l t s tended to suggest that at the l o c a l l e v e l the 
influence of certain factors related s p e c i f i c a l l y t o l i v i n g conditions 
may indeed be considerably greater than had been o r i g i n a l l y suggested 
by the c o e f f i c i e n t s of simple correl a t i o n . I n p a r t i c u l a r , the incidence 
of shared household f a c i l i t i e s emerged as a d i s t i n c t p o s s i b i l i t y . Under 
these circumstances, the hygienic standards maintained i n respect of such 
f a c i l i t i e s necessarily r e f l e c t the standards of the least sophisticated 
user of the group. Thus i t may be seen that the health of the majority 
may eventually be jeopardised by the standards of a minority; a p a r t i c u -
l a r l y relevant f a c t o r i n the case of such an insidious disease as 
tuberculosis. 
I t i s perhaps i n t e r e s t i n g to note that i n the regression analysis 
involving six f a c t o r s , the resultant regression coefficients were s t a t i s -
t i c a l l y s i g n i f i c a n t f o r only four out of the six factors under consider-
a t i o n . ^ ^ At t h i s l e v e l , the influence of the two factors involving the 
percentage of the male population i n socio-economic groups 3 and 5 res-
pectively was substantially reduced. Indeed, the resultant regression 
coefficients r e l a t i n g to these two factors f a i l e d to demonstrate any 
( l ) v i z : - Density per acre, the percentage of the population l i v i n g at 
more than ItL- persons per room, the percentage of households e n t i r e l y 
without a water closet and the percentage of households sharing a hot 
water tap. 
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measure of s t a t i s t i c a l significance. This suggests that the consider-
able measure of s t a t i s t i c a l association between these factors and the 
incidence of respiratory tuberculosis, noted i n the case of the 
coefficients of simple correlation, may well have reflected the 
ind i r e c t influence of other more sig n i f i c a n t elements of causation. 
Thus, i t would appear that the more l i k e l y association between socio-
economic status and tuberculosis may be found i n the home environment 
rather than the place of work. 
5*7. Discussion and conclusions 
During the five-year period under consideration (196I-65) the 
n o t i f i c a t i o n rate f o r respiratory tuberculosis i n County Durham declined 
by approximately 30fi>. Nevertheless, the County s t i l l continued to rank 
f i f t h amongst the counties of England and Wales i n respect of i t s mean 
annual n o t i f i c a t i o n r ate. 
When the s i t u a t i o n was analysed more closely, i t was discovered 
tha t , as at the national l e v e l , the greatest reductions i n morbidity 
rates were being recorded i n the predominantly r u r a l areas. In contrast, 
the urban areasand i n particular the county boroughs were experiencing 
l i t t l e or no improvement i n t h i s d i r e c t i o n . Moreover, bearing i n mind 
the f a c t that the urban areas had started the period at a d i s t i n c t d i s -
advantage i n r e l a t i o n to the r u r a l d i s t r i c t s , t h i s process was inevitably 
leading to a progressive accentuation of the ex i s t i n g disease f o c i , at 
least i n r e l a t i v e terms. This was p a r t i c u l a r l y so i n the marked reservoir 
area of South Tyneside. 
A simple correlation analysis of the relationship between the 
annual n o t i f i c a t i o n rates f o r respiratory tuberculosis and 21 selected 
indices of the social environment revealed a considerable number of 
s t a t i s t i c a l l y s i g n i f i c a n t coefficients of correl a t i o n . Despite the f a c t 
that many of these s t a t i s t i c a l associations had been expected to occur 
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(by v i r t u e of the evidence provided by previous workers i n t h i s f i e l d ) 
the Durham s i t u a t i o n nevertheless provided a nuniber of interesting 
anomalies. 
Of the 21 factors considered, density per acre yielded the 
strongest and most consistent s t a t i s t i c a l association with the n o t i f i -
cation rates f o r respiratory tuberculosis ( t a b l e 5*6.). This tended to 
suggest that absolute propinquity of persons, as a f f e c t i n g the rate and 
i n t e n s i t y of contact between susceptible and i n f e c t i v e cases, remained 
the most s i g n i f i c a n t single element i n the web of causation. Moreover, 
bearing i n mind the considerable rural/urban gradient of n o t i f i c a t i o n 
rates mentioned above, the concept of a c r i t i c a l or threshold density 
as a prerequisite f o r the continued propagation of t h i s type of i n f e c -
tious disease presented i t s e l f as a d i s t i n c t p o s s i b i l i t y . However, when 
the s i t u a t i o n was considered from a spatial point of view, i t was d i s -
covered that the influence of the density per acre factor appeared to 
vary substantially over area. I n what may be termed the main reservoir 
areas of the County, the degree of association between t h i s factor and 
the prevalence of tuberculosis was p a r t i c u l a r l y strong (R = + 0.9l). 
On the other hand, i n the case of the less affected areas, ( i . e . to the 
south and east of the County) the relationship was f a r less pronounced 
(R = + 0.70) although s t i l l s t a t i s t i c a l l y s i g n i f i c a n t . This observation 
once more demonstrated the considerable momentum or i n e r t i a of the 
disease which i s capable of being generated and sustained by a suitably 
large reservoir or 'volume' of i n f e c t i o n . 
Although the in d i v i d u a l coefficients of corr e l a t i o n between the 
incidence of respiratory tuberculosis and the indices of l i v i n g densities 
(persons per room) were somewhat lower than i n the case of the previous 
density fac t o r , the results s t i l l retained a substantial measure of 
s t a t i s t i c a l significance, p a r t i c u l a r l y i n the case of the overcrowding 
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i n d e x . ^ Moreover, i t was interesting to note that a marked 'threshold' 
emerged between the high positive coefficients of correlation i n the 
case of the higher l i v i n g density indices and the s i g n i f i c a n t negative 
or inverse relationships noted f o r the lower l i v i n g densities ( f i g u r e 
5.14- )• These findings tended to indicate that p a r t i c u l a r factors i n 
the home environment were exerting a si g n i f i c a n t influence on the propa-
gation of the disease at the l o c a l l e v e l . . Under these circumstances i t 
i s perhaps more appropriate t o view the epidemiology of tuberculosis i n 
terms of a stochastic model ( B a r t l e t t 1956 and 1960, and Bailey 1950, 
1953 and 1957)• I n t h i s way the community may be thought of, not as a 
homogeneous whole, but rather as the resultant e f f e c t of a number of 
d i s t i n c t sub-groups. Contact between individuals of the same sub-group 
i s deemed to be s i g n i f i c a n t l y greater than the corresponding contact 
between individuals of d i f f e r e n t sub-groups. I n the case of tuberculosis, 
the most effective sub-group i n t h i s sense i s undoubtedly the family u n i t , 
since a considerable period of sustained contact between susceptible and 
infe c t i v e case i s normally required t o effect the successful transmission -
of the b a c i l l u s . Even so the importance of the extended sub-group must 
not be overlooked i n f a c i l i t a t i n g the i n i t i a l introduction of the disease 
i n t o the sub-group proper. I n t h i s l a t t e r connection the role of the 
place of work and the necessity f o r a number of family units to share 
particular household f a c i l i t i e s must be regarded as fundamental. 
The precise role of socio-economic status on the overall patterns 
of tuberculosis morbidity proved somewhat more d i f f i c u l t to determine. 
I n purely s t a t i s t i c a l terras, s i g n i f i c a n t positive relationships were 
noted i n the case of socio-economic groups 3 and 5 ( s k i l l e d and unskilled 
manual workers respectively) while a rather surprising inverse relationship 
( l ) The percentage of the population l i v i n g at more than Ig- persons per 
room. 
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was noted i n the case of group 4 (semi-skilled manual workers, see 
figure 5.10.). 
I t may be argued that the s i g n i f i c a n t d i f f e r e n t i a l noted above 
i s explicable i n terms of the v a r i a t i o n i n the conditions of employment 
between the d i f f e r e n t socio-economic groups. I n t h i s connection, the 
heavy engineering and ship-building concerns, situated along the south 
bank of the Tyne and employing a r e l a t i v e l y high percentage of s k i l l e d 
and unskilled manual workers, would appear to o f f e r the most l i k e l y 
conditions f o r the transmission of the disease outside the home environ-
ment. The frequent combination of a suitably large labour force and a 
variety of adverse conditions i n the working environment ensures that a 
s u f f i c i e n t l y high frequency and i n t e n s i t y of contact between individuals 
i s maintained. Under these circumstances, a single 'active* case could 
provide an 'effective' contact f o r a surprisingly large number of sus-
ceptiblesj thereby increasing the pro b a b i l i t y of the continued propagation 
of the disease w i t h i n the community at large. This hypothesis i s fu r t h e r 
supported by additional evidence presented in.chapter 6 below, which 
concerns i t s e l f with a more detailed investigation of the tuberculosis 
s i t u a t i o n w i t h i n South Tyneside. Each of the three l o c a l authorities 
studied recorded a substantial excess of male morbidity from respiratory 
tuberculosis at a l l ages over 20 years (figures 6.1. and 6.2.). I t might 
we l l be argued that t h i s considerable sex d i f f e r e n t i a l r e f l e c t s the 
greater exposure to i n f e c t i o n experienced by the bulk of the male popula-
t i o n i n the working environment. 
On the other hand, the apparent association between socio-economic 
status and the prevalence of tuberculosis may not necessarily r e f l e c t a 
causal relationship between the two factors. Indeed i t i s quite l i k e l y 
that the vari a t i o n i n the two variables may represent similar yet inde-
pendent responses to a t h i r d and mora si g n i f i c a n t factor. In t h i s 
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connection, i t i s conceivable to regard socio-economic status as no 
more than an additional index of urbanisation which i s conveniently 
coincident with the rural-urban gradient noted i n the general d i s t r i -
bution of the disease. 
Turning to a consideration of the influence of general l i v i n g 
conditions upon the l e v e l of tuberculosis morbidity, a number of s t a t i s -
t i c a l l y s i g n i f i c a n t correlations were obtained i n the case of factors 
r e l a t i n g to the a v a i l a b i l i t y or absence of specific household f a c i l i t i e s . 
Moreover, of the f i v e 'additional' factors considered (section 5.6.1.40 
by f a r the most s i g n i f i c a n t results were obtained i n the case of the 
rate of slum clearance, which may be adopted as a general index of the 
prevalence of sub-standard housing i n an area. I n contrast, the 
relationship between the absolute age of property ( f a c t o r 2, the 
percentage of dwellings b u i l t before 1900) and respiratory tuberculosis, 
although s t i l l p o s i t i v e , f a i l e d to achieve the same degree of s t a t i s t i c a l 
significance. This tends to suggest that the general condition of 
housing exerts a somewhat greater-influence i n the propagation of tuber-
culosis than mere age of dwelling (Stein, 1952; Bradbury, 1933). 
Multiple correlation analysis of the available data, demonstrated 
the essential interdependence of the variables which had been introduced 
to explain the d i s t r i b u t i o n a l pattern of respiratory tuberculosis. 
Adopting density per acre as the principal factor i n a progressive 
'compounding' process, a considerable duplication of information was 
discerned even a f t e r the addition of the second fac t o r . Under these 
circumstances, the increment i n the percentage explanation of the d i s t r i -
bution was considerably less than might have been suggested by the simple 
coefficients of correlation,, 
The mapped residuals of the regression involving four factors 
revealed a substantial underestimation of morbidity i n the north-east 
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of the County, and a marked over-estimation i n the case of the 
Hartlepool area to the south-east. The subsequent addition of a f i f t h 
and s i x t h factor to the regression (both of which were indices of 
general l i v i n g conditions) l e d to a substantial contraction of the 
area, occupied by high positive residuals. At the same time, i t was 
noticed that ?;hereas the two density factors i n the regression main-
tained t h e i r l e v e l of s t a t i s t i c a l significance i n the more advanced 
stages of factor compounding, the role of socio-economic status i n the 
regression was usurped by indices related more s p e c i f i c a l l y to house-
hold amenity and by implication the home environment. 
From the above evidence i t was concluded that whereas the broader 
patterns of tuberculosis morbidity could be s a t i s f a c t o r i l y explained i n 
terms of size and r e l a t i v e propinquity of the susceptible population; 
at the l o c a l l e v e l , social d i f f e r e n t i a l s become increasingly more 
important. In p a r t i c u l a r , the r e l a t i v e q u a l i t y of housing - expressed 
i n terms of the a v a i l a b i l i t y of specific household f a c i l i t i e s , and the 
rate of slum clearance - would seem to be the most l i k e l y contributory 
factor. I n contrast, the role of purely occupational factors appears 
somewhat less well-defined, despite the degree of association suggested 
by the coefficients of simple correlation. 
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Chapter 6 
Tuberculosis i n Tyneside: 
a case study 
The preceding discussion and analysis at the county l e v e l 
(chapter 5) supported the theory that there was indeed a strong causal 
relationship between par t i c u l a r elements of the social and e conomic 
environment and the prevalence of respiratory tuberculosis. I n p a r t i -
cular, the influence of poor housing conditions defined i n terms of a 
variety of d i f f e r e n t , yet in t e r - r e l a t e d , c r i t e r i a has been suggested 
as the most s i g n i f i c a n t single factor i n determining the overall pattern 
of the disease i n County Durham. By undertaking an investigation of 
the incidence of respiratory tuberculosis i n those areas e x h i b i t i n g 
persistently high n o t i f i c a t i o n rates, i t was hoped to discover whether 
or not t h i s same hypothesis was v a l i d at the l o c a l l e v e l . 
_ Figures 5*6. _and had indicated that the area of South Tyneside 
could be distinguished as an area of p a r t i c u l a r l y high incidence of 
tuberculosis. "The existing s t a t i s t i c s appear to indicate that the area 
i s one of the worst places i n England as regards the prevalence of tuber-
culosis" (Bradbury, 1933*77)* Moreover, i t i s i n t e r e s t i n g to note that 
despite a concerted e f f o r t to 'explain' the geographical d i s t r i b u t i o n 
i n terms of specific social and economic c r i t e r i a , s i g n i f i c a n t positive 
residuals i n t h i s area remained unresolved (figures 5.17• and 5-18.)• 
For the above reasons, the three l o c a l authorities of F e l l i n g , Hebburn 
and Jarrow were selected as the basis of a more intensive study of the 
disease. 
I n each of the three l o c a l a u t h o r i t i e s , application was f i r s t made 
to the l o c a l medical o f f i c e r s of health f o r permission to refer to the 
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relevant tuberculosis registers f o r the period 1961-5 inclusive. 
Details r e l a t i n g to the date of n o t i f i c a t i o n ; the age, sex and address 
of the patient were then abstracted f o r each new case of the disease 
which was n o t i f i e d during the period. For Hebburn U.D. and Jarrow M.B. 
a statement of the occupation of individual patients was also obtained 
i n most cases and tabulated accordingly. 
The proportion of cases which were of the non-respiratory type 
was small (27 out of a t o t a l of 440 cases) and as a res u l t the subsequent 
analysis i s only concerned with those cases r e s u l t i n g from the respiratory 
form of the disease. 
6.1. The age and sex d i s t r i b u t i o n of cases 
The age and sex d i s t r i b u t i o n of new n o t i f i e d cases of respiratory 
tuberculosis i n the three selected l o c a l authorities i s shown i n table '6.1. , 
and t h i s i s represented i n diagrammatic form i n figures 6..1. and 6.2. 
Perhaps the most s t r i k i n g aspect of these s t a t i s t i c s i s the sub-
s t a n t i a l d i f f e r e n t i a l between the sexes i n respect of age-specific 
n o t i f i c a t i o n rates. Whereas the regime f o r females i s characterised i n 
a l l three authorities by a marked peak i n the age-group 15-30, the male 
peak i s not reached u n t i l l a t e middle-age - v i z . the 60-75 age-group i n 
the case of F e l l i n g and Jarrow, and the 45-60 age-group i n Hebburn U.D. 
Only i n the case of Hebburn was a secondary peak discernible i n the 
e a r l i e r part of the male regime (15-30 age-group). I n the case of females, 
a s l i g h t , though i n s i g n i f i c a n t , increase i n incidence was noted i n the 
age-group 45-60 i n the case of F e l l i n g and Jarrow (fi g u r e 6 .2 . ) . 
A more sophisticated s t a t i s t i c a l analysis of the age and sex 
incidence of tuberculosis further substantiated the significance of the 
regimes already defined. For each of the three l o c a l authorities under 
consideration, the observed frequency of n o t i f i c a t i o n s i n pa r t i c u l a r age-
groups was compared with the corresponding frequency that would be expected 
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to occur i f there was no inherent difference between age-groups i n 
respect of the prevalence of the disease (table 6 .2 . ) . 
For males, a si g n i f i c a n t deficiency of n o t i f i c a t i o n s was noted 
i n the age-group under 15 years f o r both Hebburn and Jarrow. I n the 
case of F e l l i n g , the high chi-square value (14*19, f o r 1 df.) indicated 
that the deficiency was p a r t i c u l a r l y marked (P<O.OOl). For the 60-75 
age-group, the chi-square values f o r F e l l i n g and Jarrow represented a 
highly s i g n i f i c a n t excess of n o t i f i c a t i o n s , over and above the expected 
frequency. Hebburn, on the other hand, exhibited a s i g n i f i c a n t excess 
of cases i n the 45-60 age range only. The observed frequencies i n a l l 
the other age-group categories did not appear to deviate substantially 
from the regime of expected frequencies. 
For females, the marked excess of n o t i f i c a t i o n s i n the 15-30 year 
age-group was found to be highly s i g n i f i c a n t i n a l l three l o c a l a u t h o r i -
t i e s , p a r t i c u l a r l y i n the case of Hebburn, where the chi-square value was 
28.90 (P<0o00l). At every other age-group, w i t h the exception of a 
si g n i f i c a n t deficiency of cases i n the_ 60-75 age range at Hebburn, the 
observed frequencies did not deviate s i g n i f i c a n t l y from the expected 
values calculated on the existing age-structures of the respective l o c a l 
a u t h o r i t i e s . 
The above results are basically consistent with the findings of 
Jessop (l955 :75) i n Warwickshire that "whereas the peak of t o t a l incidence 
was i n the female age-group 15-24, the peak of incidence of i n f e c t i o n 
cases was i n the male group 55-64*" However, Bradbury's analysis 
(1933S98) of respiratory tuberculosis i n Jarrow revealed a maximum 
incidence amongst males " i n the 15-25 group, instead of the 45-65 group 
as i n most other d i s t r i c t s . " 
This dramatic s e x - d i f f e r e n t i a l i n respect of age-specific n o t i f i -
cation rates has been explained p a r t l y i n terms of purely physiological 
factors i n the case of the excess of cases i n the 15-30 group f o r females, 
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Local Authority Sex Total 
Age-group (yrs.) 
-15 15-30 30-45 45-60 60-75 75+ 
FELLING U.D. M 98 9 19 26 23 18 3 
F 50 9 19 8 10 4 0 
HEBBURN U.D. M 85 13 20 20 23 9 0 
F 57 15 30 7 4 1 0 
JARROW M.B. M 93 14 17 19 15 24 4 
F 57 16 23 8 7 3 0 
Table 6.1. The d i s t r i b u t i o n of cases_of respiratory tuberculosis by age 
and sex f o r selected Tyneside l o c a l a u t h o r i t i e s , 1961-5. 
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FELLING U.D. 
Age-group e population obs.freq. exp.freq. X 2 probability 
Males 0-15 5,395 9 29.5 14.19 p<0.001 
15-30 3,360 19 18.3 0.02 -
30-45 4,155 26 22.7 0.49 -
45-60 3,085 23 16.8 2.25 -
60-75 1,578 18 8.6 10.24 0.01>p>0.001 
75+ 384 3 2.1 0.39 -
A l l ages 17,957 98 98 50.23 p<0.001 
Females 0-15 5,140 9 14.0 1.76 _ 
15-30 3,460 19 9.4 9.83 0.01>p>0.001 
30-45 4,068 8 11.0 0.83 -
45-60 3,210 10 8.7 0.19 -
60-75 2,014 4 5.5 0.39 -75+ 527 0 1.4 1.43 -A l l ages 18,419 50 50 14.43 0.05>p>0.01 
HEBBURN U.D. 
Males 0-15 3,422 13 23.4 4.65 Q .05^0.01 
15-30 2,494 20 17.1 0.49 -
30-45 2,878 20 19.7 0.01 -45-60 2,166 23 14.6 4.48 0.05>p>0.01 
60-75 1,208 9 8.3 0.06 -
75+ 24L 0 1.7 1.65 -
A l l ages 12,409 85 85 11.33 0.05>p>0.01 
Females 0-15 3,308 15 15.0 0.00 
15-30 2,474 30 11.6 28.90 p< 0.001 
30-45 2,668 7 12.1 2.18 -
45-60 2,085 4 9.4 3.18 -
60-75 1,550 1 7.0 5.20 0.05>p>0.01 
75+ 433 0 1.9 1.97 -
- A l l ages. 12,518 57 57 a . -43 p< 0.001 
JARROW M.B. 
Males 0-15 4,120 14 ' 27.2 6.41 0.05>pX).01 
15-30 2,675 17 17.7 0.03 -
30-45 3,091 19 20.4 0.09 -
45-60 2,387 15 15.8 0.04 -
60-75 1,450 24 9.6 21.71 p< 0.001 
75+ 354 4 2.3 1.18 — 
A l l ages 14,077 93 93 29.45 p< 0.001 
Females 0-15 3,908 16 15.1 0.05 _ 
15-30 2,662 23 10.3 15.66 p<0.001 
30-45 3,090 8 12.0 1.31 -45-60 2,452 7 9.5 0.65 
60-75 1,950 3 7.5 2.73 -
75+ 672 0 2.6 2.59 -A l l ages 14,734 57 57 22.99 p< 0.001 
The population figures used i n t h i s table were obtained from the 
Registrar General's census returns f o r 1961. 
Table 6.2. A chi-square analysis of new n o t i f i c a t i o n s of respiratory 
tuberculosis by sex and age fo r selected l o c a l authorities 
i n Tyneside, 1961-5-
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Socio-economic Group 
Total 1 2 3 4 
1 
5 U j lemployed 
% of male working 
population 100 7.4 13.8 47.1 12.5 15.9 3-3 
Observed number 
of n o t i f i c a t i o n s 85 3 8 35 15 21 3 
Expected number 
of n o t i f i c a t i o n s 85 6.2 11.7 40.1 10.7 13.5 2.8 
9.3 1.6 1.2 0.6 1.7 4.2 0.0 
Significance - - - - - 0.05>P >0.01 -
Table 6.3- An analysis of primary n o t i f i c a t i o n s of respiratory 
tuberculosis i n Hebburn U.D. and Jarrow M.B., 1961-65, 
by socio-economic status f o r males of working age. 
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and p a r t l y i n terms of deleterious working conditions i n the case of 
the male peak i n the 60-75 age-group (Dahlberg 1949:224; see also 
Appendix B). 
6.2. Occupational status of tuberculous patients 
Although the occupational status of tuberculosis patients was 
generally recorded i n both the l o c a l authorities of Hebburn and Jarrow, 
i t was not possible to undertake more than a s u p e r f i c i a l study of the 
t o p i c . This arose pa r t l y as a result of the available data being i n -
complete, and pa r t l y because the statement of occupation was not 
s u f f i c i e n t i n every case to establish the exact socio-economic status 
of the patient. Nevertheless, a cursory examination of the available 
s t a t i s t i c s did reveal some rather i n t e r e s t i n g r e s u l t s . Altogether 85 
males of working age, whose occupation v/as stated, were tabulated f o r 
the f i v e year period (table £.3»).^"^ 
When the observed frequency of n o t i f i c a t i o n s i n each of the f i v e 
socio-economic groups was compared wi t h the expected frequency which 
might have been expected to occur i f there was i n f a c t no inherent d i f -
ference between groups i n t h i s respect, the association of tuberculosis 
and particular, occupational factors was highlighted. I n p a r t i c u l a r , the 
evidence tended to suggest a continuous gradient from socio-economic 
group 1, with a perceptible though s t a t i s t i c a l l y i n s i g n i f i c a n t d e f i c i t 
of n o t i f i c a t i o n s , to group 5 with a s t a t i s t i c a l l y s i g n i f i c a n t excess of 
cases. These results accorded reasonably well with the findings of both 
Merrett (1959) and Benjamin (1953), although they tended t o diverge some-
what from the s i t u a t i o n f o r County Durham as a whole. In the l a t t e r 
( l ) The expected numbers of n o t i f i c a t i o n s i n Table 6.3. were calculated 
on the basis of the employment structure of the two l o c a l authorities 
derived from the Registrar General's Census returns f o r 1961, Socio-
economic tables (1966). 
Each male patient of working age was assigned to the appropriate socio-
economic class, on the basis of the information supplied i n the tubercu-
l o s i s register, and the c l a s s i f i c a t i o n of industry tables (Registrar 
General, 1966). 
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connection, i t i s interesting to note that the number of n o t i f i c a t i o n s 
amongst males i n socio-economic group 3 ( s k i l l e d manual) was less than 
might have been expected to occur under the n u l l hypothesise This tended 
to c o n f l i c t with the evidence at the county l e v e l which suggested a 
strong positive correlation between the porportion of the population i n 
socio-economic group 3 and the prevalence of tuberculosis. I n addition, 
i t was int e r e s t i n g to note that i n the case of group 4 (semi-skilled 
manual) there was a marked although s t a t i s t i c a l l y i n s i g n i f i c a n t excess of 
n o t i f i c a t i o n s . This again tended to c o n f l i c t with experience at the 
county l e v e l , where a si g n i f i c a n t inverse relationship had been demons-
trated (see figure 5>10., and also Merrett, 1959sl6o). 
Such inconsistencies at the l o c a l l e v e l tended to suggest t h a t , 
whereas particular indices of .socio-economic status might prove useful 
c r i t e r i a f o r the explanation of broad patterns of tuberculosis incidence, 
at the l o c a l l e v e l , they appeared to play a less s i g n i f i c a n t r o l e . 
Indeed, i n the case of socio-economic groups 3 and k- ( s k i l l e d and semi-
s k i l l e d manual workers) the observed relationships w_ere apparently 
reversed. 
6.3. Spatial d i s t r i b u t i o n of n o t i f i e d cases 
Having obtained the home addresses of a l l patients n o t i f i e d as 
tuberculous, i t was possible to plot i n d i v i d u a l cases on the 6 inches to 
one mile base maps of the three l o c a l a u t h o r i t i e s . I n most cases, i t was 
not possible to assign individual n o t i f i c a t i o n s to t h e i r exact locations 
w i t h i n a given street. Consequently i n the majority of cases the 'best 
estimate 1 location was accepted and plotted accordingly. Notwithstanding 
t h i s inherent l i m i t a t i o n , the resultant d i s t r i b u t i o n s proved perfectly 
satisfactory for the purposes of subsequent analysis, since the greater 
part of the s p a t i a l investigation was concerned with the comparison of 
'zones' rather than point f o c i . 
/ 
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I n i t i a l l y i t was decided to compare and contrast the patterns of 
disease f o r individual years between 1961 and 1965* to discover whether 
or not the disease was migrating from one area to another through time. 
However, a cursory examination of the resultant maps, together with 
appropriate s t a t i s t i c a l t e s t s , f a i l e d to reveal any s i g n i f i c a n t variations 
between years i n respect of the geographical d i s t r i b u t i o n of cases. I t 
was therefore decided to consolidate the data f o r - the entire f i v e year 
period and to consider only a single disease pattern f o r each of the 
three l o c a l authorities concerned ( f i g s . 6.3. , 6.4» a " d 6 .5 . ) • 
Rather surprisingly, i n none of the three maps was i t possible to 
discern a marked concentration of n o t i f i c a t i o n s . However, l o c a l l y a 
number of minor clusters of cases were apparent, although invariably 
these clusters were att r i b u t a b l e to a single 'outbreak' w i t h i n a tubercu-
lous family. A notable exception to t h i s was to be found i n the north-
east of Hebburn U.D., where a boarding house f o r working men recorded no 
less than seven cases of respiratory tuberculosis during the f i v e year 
period. _ 
6.3»1« The influence of housing on the spatial d i s t r i b u t i o n of 
no t i f i c a t i o n s i n Jarrow M.B., Fe l l i n g U.D. and Hebburn U.D., 
1961^5 
The findings of Stein (1952) and Bradbury (1933) tended to suggest 
that poor housing was an extremely s i g n i f i c a n t factor influencing the 
perpetuation and the transmission of tuberculosis (see Appendix C). 
Moreover, the s t a t i s t i c a l analysis at the county l e v e l (chapter 5 supra) 
had tended to reinforce the v a l i d i t y of t h i s hypothesis f o r County Durham 
as a whole. 
For each of the, three l o c a l a u t h o r i t i e s , a transparent overlay of 
( l ) 
'predominant age of dwelling' was prepared and superimposed upon the 
( l ) The information used i n the preparation of the transparent overlays 
showing predominant age of dwellings was derived from the work of Kirby 
(1970) and Shoebridge (1969). 
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corresponding map showing the geographical d i s t r i b u t i o n of n o t i f i c a t i o n s 
from respiratory tuberculosis ( f i g s . 6 ,3 . , 6.4. and 6 . 5 . ) . By t h i s means 
i t was possible to obtain the number of n o t i f i c a t i o n s occurring i n each 
of the three 'age of dwelling' categories which had been selected 
( v i z . pre-1919i 1919-1939 and post 1946). By comparing these figures 
with the number of n o t i f i c a t i o n s which might have been expected to occur 
under the n u l l hypothesis i t was hoped to discover whether or not the age 
of housing was exerting a si g n i f i c a n t effect upon the overall d i s t r i b u t i o n 
of tuberculosis at the l o c a l l e v e l . In p a r t i c u l a r , i t was thought probable 
that the t o t a l lack or inadequacy of household amenities i n the older type 
of dwelling would have been conducive to a marked concentration of cases 
i n such areas. 
For the purposes of t h i s aspect of the investigation, two basic 
assumptions were made i n order to undertake the necessary s t a t i s t i c a l 
comparisons. F i r s t l y i t was assumed that the three 'age of dwelling* 
categories contained on average approximately the same number of persons 
per dwelling unit i n each case... ..Secondly i t was assumed_that the age of 
a dwelling i n which a particular n o t i f i e d case occurred was i n fact con-
sistent with the 'predominant age of dwelling' as defined by the trans-
parent overlays. I n the l a t t e r case, i t i s quite reasonable to make t h i s 
assumption i n respect of a l l three l o c a l a u t h o r i t i e s , since successive 
phases of urban expansion have tended to occur i n d i s t i n c t i v e zones of 
housing estates, predominantly to the south of the old urban nucleus i n 
each case (see the overlays f o r f i g s . 6 .3 . , 6.4. and 6 . 5 . ) . 
Table 6.4-. provides a summary of the results obtained from the subse-
quent analysis. I n the case of Fe l l i n g , the observed frequency of cases 
i n the three categories corresponded almost exactly with the expected 
regime, calculated purely i n terms of the resident population. A similar 
s i t u a t i o n was apparent i n the urban d i s t r i c t of Hebburn, although i n t h i s 
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Local Authority 1Predominant age of dwellings 1 
pre-1919 1919-39 post-1946 t o t a l 
FELLING U.D. * 
Number of dwellings 3,755 3,210 5,486 12,451 
Obs. No. of cases 41 33 59 133 
Exp. No. of cases a 34 58 133 
X 2 0 0 0 0 
Significance - - — — 
HKBBUHN U.D. * 
Number of dwellings 3,352 2,119 2,750 8,221 
Obs. No. of cases 32 16 19 67 
Exp. No. of cases 27 17 23 67 X 2 0.93 0.06 0.70 1.69 
Significance — — 
JARROW M.B. „, 
Number of dwellings 4,358 2,292 " 1,772 8,422" 
Obs. No. of cases 67 33 43 143 
Exp. No. of cases 75 39 29 143 
0.85 0.93 6,78 8.56 
Significance - - 0.01>P 0.01>P >0.001 >0.001 
* Information obtained from the work of P. Shoebridge (1969) and 
D.A. Kirby (1970). The s t a t i s t i c s refer to the s i t u a t i o n i n 1966. 
Table 6.4. An analysis of the incidence of respiratory tuberculosis 
i n three Tyneside l o c a l authorities i n r e l a t i o n to the 
age of dwelling f o r which cases were n o t i f i e d . 
t 9 6 
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case there was a s l i g h t suggestion of an excess of n o t i f i c a t i o n s i n the 
pre-1919 category. However, t h i s difference could i n no way be con-
sidered s t a t i s t i c a l l y s i g n i f i c a n t . 
In contrast, the results for Jarrow were considerably more s i g n i f i -
cant, a l b e i t unexpected. A highly significant (0.01>P>0.00l) excess 
of n o t i f i c a t i o n s was noted i n the case of the post-1946 category of 
dwelling. A corresponding, though less s i g n i f i c a n t , d e f i c i t of cases was 
noted i n both the pre-1919 and 1919-1939 dwelling categories. 
6.4. Discussion and conclusions 
The above results tended to suggest that at the l o c a l scale, the 
more sig n i f i c a n t areas of poor and inadequate dwellings - p r i n c i p a l l y 
those i n the pre-1919 age category, see Hate 2 - were not y i e l d i n g a 
si g n i f i c a n t excess of tuberculosis n o t i f i c a t i o n s as might have been 
expected. Indeed, i n the case of Jarrow, the areas of mosJj modern 
housing (Plate 3) emerged as the most si g n i f i c a n t reservoirs of i n f e c t i o n , 
despite t h e i r considerable superiority i n respect of the provision of 
basic household amenities. 
This somewhat anomalous si t u a t i o n may be explained la r g e l y i n terms 
of the extensive programme of urban renewal, which has been taking place i n 
South Tyneside since the m i d - f i f t i e s . For example, i n Jarrow M.B. from 
1955 onwards, on average 200 families were rehoused per annum. This 
meant that i n the ten year period up to and including 1965, approximately 
one quarter of the borough's population was rehoused. 
Basically speaking, the process or urban renewal involved the 
demolition of the worst tracts of nineteenth century slum property 
adjacent to the main urban nuclei, and the removal of the displaced 
( l ) The information r e l a t i n g to urban renewal i n Jarrow M.B. since the 
war was supplied by the head of the Housing Department i n Jarrow. 
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population to modern housing estates located towards the south of each 
of the l o c a l a u t h o r i t i e s concerned. Since i n the i n i t i a l stages only 
the worst areas of slum property were removed, the pre-1919 dwellings 
that remained were on average of a r e l a t i v e l y superior q u a l i t y . As a 
resul t a s i t u a t i o n emerged i n which the residents of the worst slum 
areas, constituting the major reservoir of tuberculosis i n f e c t i o n (as 
recognised by Bradbury (1933) i n Jarrow), were removed to modern housing 
estates, while the better areas of pre-1919 dwellings, with proportionately 
fewer tuberculous f a m i l i e s , remained r e l a t i v e l y unchanged. 
Inevitably the improvements in. social environment experienced by 
the rehoused population must be expected to induce a substantial lowering 
of tuberculosis n o t i f i c a t i o n s i n the future. This w i l l r e s u l t p a r t l y 
a'rom the a v a i l a b i l i t y of a l l basic household amenities i n the modern 
housing estates, and pa r t l y from a marked reduction i n l i v i n g densities. 
Both those processes w i l l help to reduce both the frequency and the 
i n t e n s i t y of contact between the susceptible and the tubercle b a c i l l u s . 
Nevertheless, the inherent momentum of the disease w i t h i n the 
rehoused population w i l l ensure that the elimination of the disease from 
t h i s area of Tyneside w i l l be a gradual rather than a sudden process, 
despite the rapid amelioration of l i v i n g conditions with i n the area. 
Prom t h i s i t may be seen that slum clearance i s not i n i t s e l f a panacea 
as f a r as the prevention of tuberculosis i s concerned. I t must ine v i t a b l y 
be supported by a comprehensive programme of education and vaccination 
of the population at r i s k by the l o c a l health authorities concerned. 
2 0 0 
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Chapter 7 
'Suspected Food Poisoning* Cases 
i n Consett Urban D i s t r i c t , 1964-5* 
"The Consett Iron Company which has already spent £1.5 m i l l i o n s 
on a n t i - p o l l u t i o n measures i s to spend a fur t h e r £170,000 to t r y and 
end the problem altogether. 
Residents of Consett have complained that a red dust blown from 
the chimneys of the works causes houses, roads and cars to glow red, 
and i s a danger to health." 
Daily Telegraph Saturday, 
11 July 1970, p. 3-
7.1. Introduction 
This study of 'suspected food poisoning* was prompted by periodic 
references to the Registrar General's weekly returns of 'Births, Deaths, 
Infectious Diseases and Weather' during the course of the i n i t i a l i n v e s t i -
gation of measles and tuberculosis i n County Durham. I t was discovered 
that during the i n i t i a l 10 weeks of 1967 the Urban D i s t r i c t of Consett 
(fi g u r e 7.1.) i n County Durham was returning approximately 5% of a l l 
n o t i f i c a t i o n s of dysentery f o r England and Wales, and an only s l i g h t l y 
lower percentage of n o t i f i c a t i o n s i n the case of suspected food poisoning. 
Since the population of Consett U.D. at the 1961 census constituted no 
more than 0.08$ of the t o t a l population of England and V/ales, the high 
incidence of these two disease categories was deemed to warrant further 
investigation. 
An interview with a representative of the Medical Officer of Health 
fo r Consett revealed that the high n o t i f i c a t i o n rates were i n a l l 
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p r o b a b i l i t y not due to any inherent environmental factor peculiar to 
Consett i t s e l f . Rather i t was suggested that the excess could be 
explained purely i n terms of more rigorous n o t i f i c a t i o n of stomach and 
i n t e s t i n a l disorders i n the l o c a l area. The opinion was expressed that 
i n the case of more 'minor' n o t i f i a b l e diseases, including scarlet 
fever, measles and i n t e s t i n a l disorders, undernotification was accepted 
as an i n e v i t a b i l i t y f o r the country as a whole. Quite apart from the 
many cases which are sub-clinical i n nature, and are thus not brought 
to the attention of the aut h o r i t i e s , many others may be deemed unworthy 
of n o t i f i c a t i o n by the general p r a c t i t i o n e r . ^ Moreover, as so often 
happens, there may be a considerable time lapse (3-7 days) between the 
o r i g i n a l diagnosis of the disease and the actual n o t i f i c a t i o n of the case 
at the Local Council o f f i c e s . This invariably means that the doctor has 
a much longer period of time to observe a pa r t i c u l a r case of disease. 
Should his o r i g i n a l diagnosis prove to be inappropriate he may s t i l l be 
i n a position to r e t r a c t i t before the actual process of n o t i f i c a t i o n 
has taken place. 
The combined effect of the above factors w i l l be t o reduce con-
siderably the overall number of n o t i f i c a t i o n s f o r particular disease 
categories. Ultimately one w i l l be l e f t with only the ' t i p of the i c e -
berg' from which to draw tentative conclusions. 
I n the case of Consett, however, i t would appear that n o t i f i c a t i o n 
f o r both dysentery and suspected food poisoning i s considerably more 
complete than f o r many other areas i n England and Wales. This s i t u a t i o n 
afforded a valuable opportunity t o investigate the incidence of what may 
be termed 'other i l l - d e f i n e d stomach and i n t e s t i n a l disorders' which are 
( l ) A fee of 2/6 was payable by a l o c a l authority f o r each case of 
n o t i f i a b l e disease registered by a doctor. This amount i s not i n i t s e l f 
a s u f f i c i e n t inducement to ensure complete n o t i f i c a t i o n . (With effect 
from October 1968 the fee has been raised to 5/-). 
20 4 
35 MONTHLY NOTIFICATIONS OF SUSPECTED 
FOOD POISONING FOR CONSETT U.D. 
1964-1965 30 
AND BREAKDOWN BY CAUSATIVE AGENT 
25 
O 20 zo 
CO 
< 15 15 
UJ 03 
10 u. 10 
CD 
H 1 
1964 1965 1965 1964 
L E G E N D 
Suspected Food Poisoning 
a Confirmed Food Poisoning 
Shigella Sonnei 
Salmonella Typhimunum 
• Cause Not Specified 
CO z 
O 15 
t-
< 
u. 
o 10-i 
or 
UJ m 
3 
1964 1 9 6 5 
Figure 7«3« 
2 0 5 
not normally required to be n o t i f i e d . I n t h i s connection Goldsmith 
(1964) has coined the phrase 'untoward symptoms' which he defines as 
"symptoms which i n the absence of an obvious cause ... might lead a 
person to seek medical attention and r e l i e f . " This type of disorder, 
noted above, may by i t s very nature be readily confused with either 
dysentery or food poisoning, at least i n the i n i t i a l diagnosis. 
7.2. Data collection 
A cursory examination of the Registrar General's weekly returns 
at the time of data co l l e c t i o n - February 1967 - indicated that a con-
siderable number of suspected food poisoning cases were n o t i f i e d f o r 
Consett U.D. during the winter of 1964-5. (Figure 7«3«) This appeared 
to be a p a r t i c u l a r l y promising s t a r t i n g point f o r the investigation, 
and consequently the two-year period January 1964 to December 1965 was 
adopted as the i n i t i a l time datum. 
Application was then made to the medical o f f i c e r of health at 
Consett, who kindly made available the infectious disease regist e r f o r 
consultation and abstraction of s t a t i s t i c s . For each case of 'suspected 
food poisoning' during the above period, the following d e t a i l s were 
abstracted and recorded on index cards:-
a) Date of n o t i f i c a t i o n 
b) Home address of patient 
c) Sex 
d) Age 
e) Results of subsequent Laboratory analysis 
f ) Occupation of the patient (available i n only a l i m i t e d number 
of cases). 
( l ) For the purpose of t h i s paper i t has been assumed that although no 
bacteriological agent may have been isolated i n the laboratory following 
the i n i t i a l diagnosis of 'suspected food poisoning', a substantive 
disorder i s nevertheless deemed to exist i n each n o t i f i e d case, which may 
or may not be due to some other causative element. 
20 6 
Unfortunately, i n the case of dysentery, the records for the period 
were found to be incomplete, and, as a r e s u l t , t h i s part of the i n v e s t i -
gation had to be abandoned. 
7.3. Preliminary analysis 
7.3.1* Dist r i b u t i o n of cases of 'suspected food poisoning' 
7-3.1.1. Substantiated cause - During the period January I964 to 
December I965 a t o t a l of 137 cases of suspected food poisoning were 
n o t i f i e d i n the Urban D i s t r i c t of Gonsett. Of these, only a single 
case • a 2| year old male - was actually confirmed as 'food poisoning' 
as a result of subsequent analysis. Thi r t y - s i x cases (26.3$) were 
at t r i b u t e d to Shigella Sonnei, and a further 5 cases (3«6)3) to Salmonella 
Typhimurium.^) The remaining 95 cases (69.37") proved negative. That 
i s to say, the causative agent was not specified (see Table 7«1»). 
From the above i t may be seen that during the period under study 
the n o t i f i c a t i o n of 'suspected food poisoning' at Consett bore l i t t l e 
or no r e l a t i o n to the prevalence of food poisoning, per se. Rather i t 
would appear that i t was a substantially better measure of what may be 
termed 'other i l l - d e f i n e d i n t e s t i n a l and stomach disorders'. 
7.3.1.2. Through time - Figure 7»3* shows how the cases of suspected 
food poisoning approximated to an 'epidemic' regime i n the period I964-5, 
ex h i b i t i n g a marked peak i n December 1964. Indeed, the three months of 
October, November and December accounted f o r no less than 84 (61$) of 
the t o t a l number of cases during the two year period. In addition, two 
other more minor periods of'incidence occurred during June and July of 
1964, and during August and September of the following year. However, 
these two minor episodes combined accounted f o r only 19 (l3?0 of the 
( l ) I n a l l p robability the 5 cases of Salmonella Typhimurium were also 
associated with actual food poisoning (Huckstep, 1962) but t h i s f a c t was 
not s p e c i f i c a l l y noted i n the records. 
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recorded cases. 
When the incidence of the cases i s analysed i n respect of substan-
t i v e cause, the overall d i s t r i b u t i o n through time i s found to r e f l e c t 
a compound of essentially d i f f e r e n t regimes ( f i g u r e 7»3»)« ^ n e single 
confirmed food poisoning case, together with the f i v e cases of salmonella 
typhimuriuEi, occurred p r i o r to the main periods of incidence - v i z . i n 
the summer and e a r l y autumn of 1964* In contrast, the 36 s h i g e l l a Sonnei 
cases occurred during the period October 1964 and March 1965* Individual 
peaks i n October and December suggested two d i s t i n c t waves of i n f e c t i o n . ^ 
The numerically s i g n i f i c a n t residue - ' i l l defined stomach and 
i n t e s t i n a l disorders' - occurred predominantly during the winter months 
at the end of 1964* The months of November and December were p a r t i c u l a r l y 
dominant; accounting for approximately fjCfo of a l l the cases in. t h i s 
category. 
V/hilst the seasonal d i s t r i b u t i o n of Sonne dysentery cases i n Consett 
f o r the period concur favourably with the findings of Bradley et a l . 
(1958) - i . e . that i t i s "a disease of the colder rather than the warmer 
months of the year", the s i t u a t i o n i n respect of a l l suspected food 
poisoning cases for Consett U.D. appears to diverge quite s i g n i f i c a n t l y 
from regime recorded f o r England and Wales as a whole. Figure 7.2., 
constructed from the weekly returns of the Registrar General (1965-6), 
indicates the existence of marked summer and autumn peaks during the 
period 1964-5* However, i t i s i n t e r e s t i n g to note that the month of 
minimum incidence over the country as a whole (December I964) coincided 
with the peak month fo r Consett i n pa r t i c u l a r ( f i g u r e 7»3-)« Consett's 
contribution of 32 cases of suspected food poisoning to the December t o t a l 
( l ) This l a t t e r hypothesis was given added weight by the spatial analysis 
of cases, which revealed an October 1964 outbreak of dysentery i n the 
north of Consett ( i n the Medomsley ward) and a more localised outbreak 
i n the south (ward of Consett South) i n the December of the same year. 
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f o r 1964 represented over 11% of the overall national incidence. This 
considerable discordance i n regime noted above tended to suggest the 
presence of particular environmental influences at Consett, which were 
essentially localised i n t h e i r e f f e c t . 
7»3.1.3. ' Age and sex - An analysis of the cases by age revealed that 
approximately 5<Jfa of a l l cases of suspected food poisoning occurred 
under the age of ten years. Y/hen considered by cause, a similar 
proportion (50?° of cases under the age of ten) was found to exist i n 
the case of both Shigella Sonnei and other ' i l l - d e f i n e d stomach disorders' 
( c f . Bradley et a l . . 1958). 
A chi-square t e s t ^ ^ of the age and sex d i s t r i b u t i o n of ' a l l 
suspected food poisoning 1 cases revealed that there was not a s i g n i f i -
cant difference between the sexes i n respect of incidence other than 
that which could be explained i n terms of accidents and errors of sampling 
7»3»1.4. Occupation - I n only 10 of the 137 n o t i f i e d cases was the 
occupation of the patient recorded, and i t was therefore not possible t o 
pursue t h i s p a r t i c u l a r avenue of research f u r t h e r . 
7.3o2. The spatial d i s t r i b u t i o n of cases 
Each case of suspected food poisoning (1964-5) was plotted on to 
an outline map of Consett U.D. (fi g u r e 7»4.) using the home address of 
the patient, and a six inch to one mile Ordnance Survey map of the area. 
Precise location i n every case was impossible, since the numerical order 
of houses i n par t i c u l a r streets could not be ascertained from the mere 
cartographic evidence. Nevertheless, the approximate assignations of 
individual cases were s u f f i c i e n t l y accurate, at t h i s scale, to permit 
the construction of two d i s t r i b u t i o n maps (f i g u r e 7»4») which appeared 
( l ) A s t a t i s t i c a l test which i s used to measure the divergence of an 
observed d i s t r i b u t i o n from an expected d i s t r i b u t i o n . 
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to r e f l e c t s i g n i f i c a n t patterns of disease. 
I n particular, the general clustering of Sonnei dysentery i n the 
north of the urban d i s t r i c t (Medomsley Ward) and to a lesser extent i n 
the Grove Estate area of Consett South Ward was quite marked. On the 
other hand, the d i s t r i b u t i o n of the single confirmed food poisoning case, 
and the f i v e cases of salmonella typhimurium, must inevitably be con-
sidered no more than an expression of random occurrence, by v i r t u e of 
the small numbers involved. Indeed, since four of the f i v e salmonella 
typhimurium cases represented a localised family outbreak, the s i g n i f i -
cance of the scatter i s even fur t h e r reduced. 
I n contrast, the spatial d i s t r i b u t i o n of the negative cases - the 
' i l l defined stomach disorders* - appeared p a r t i c u l a r l y s i g n i f i c a n t 
( f i g u r e 7»4«)« The two major clusters of incidence were located i n the 
south-west of the d i s t r i c t (Consett South Ward) and i n the ward of 
B l a c k h i l l immediately to the north (f i g u r e 7«5«)» Indeed, of the 95 cases 
i n t h i s category, 58 (61%) were located w i t h i n the boundaries of these 
twp_wards, with .a combined population of 12,477 f or only 32?S of the-
t o t a l population of the urban d i s t r i c t . 
More rigorous analyses of the data were then undertaken to ascertain 
the s t a t i s t i c a l significance of the above s p a t i a l d i s t r i b u t i o n s . 
I n i t i a l l y a chi-square test was made on a l l 'suspected food poisoning 1 
cases, whereby the observed incidence by ward was compared with the 
expected ward incidence assuming no inherent difference between wards 
(Table 7 « 2 . ) . ^ In p a r t i c u l a r , the wards of Medomsley, B l a c k h i l l and 
Consett South displayed a highly s i g n i f i c a n t excess of cases, with chi 
square values i n excess of 9 (0.01>P). In contrast, Benfieldside, with 
an observed frequency of only 1 case, showed a very highly s i g n i f i c a n t 
d e f i c i t of cases. The wards of Consett North, Crookhall and Delves lane, 
( l ) The expected values were obtained by a l l o c a t i n g the t o t a l number of 
cases (137) between the wards, i n proportion to t h e i r t o t a l populations. 
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and Leadgate were also s i g n i f i c a n t l y below t h e i r expected frequencies. 
A second chi square test was then made on the 'negative' cases 
only, i n order to eliminate the effects of the substantive cases and 
i n p a r t i c u l a r those due to shigella Sonne. 
Under these circumstances (Table 7»3>) Medomsley ward no longer 
exhibited a s i g n i f i c a n t excess of n o t i f i c a t i o n s . I t may be therefore 
concluded t h a t i t was i n a l l probability the clustering of the Sonne 
dysentery cases i n the ward which had e l i c i t e d the s i g n i f i c a n t excess of 
cases noted i n the previous test (Table 7.2.). On the other hand, the 
wards of Consett South and especially B l a c k h i l l s t i l l displayed s i g n i f i -
cantly higher levels of incidence than might have been expected, despite 
the small sample size. A l l the remaining wards continued to show a 
s i g n i f i c a n t l y lower number of cases than would have been expected under 
the n u l l hypothesis. 
This substantial and s t a t i s t i c a l l y s i g n i f i c a n t divergence of the 
geographical d i s t r i b u t i o n of suspected food poisoning cases from a random 
scatter contributed even further to the hypothesis that specific environ-
mental influences were active i n promoting these spatial d i f f e r e n t i a l s . 
7.4* A e t i o l o f i i c a l factors 
In the case of the 36 Sonne dysentery cases, the d i s t r i b u t i o n map 
(figure 7-4o) reveals that a l l but six of the cases occurred i n the wards 
of Medomsley and Consett South. Of the remaining t h i r t y cases, eighteen 
occurred i n the former, and twelve i n the l a t t e r ward. This surprising 
predominance i n both Medomsley and Consett South probably r e f l e c t s d i f -
f e r e n t i a l s i n the social environment between wards. In t h i s respect, the 
1 
preponderance of old or i n f e r i o r types of housing may often indicate a 
r e l a t i v e l y low proportion of l i v i n g space per person. This invariably 
means an increase i n overcrowding, which i n i t s turn has a marked e f f e c t 
upon the sanitary arrangements and thereby the hygienic standards of a 
VI 
UJ 
3 
t r 
10 
c 
2 1 3 
• 
! 
: 
I-
• 
-
• 
i 
• 
a 
I ! 
• 
217 
p a r t i c u l a r d i s t r i c t . I n t h i s connection, i t i s in t e r e s t i n g to note 
from the map of overcrowding ( f i g u r e 1.1.) - i . e . the percentage of the 
population l i v i n g at more than 1^  persons per room - that both Medomsley 
and Consett South have s i g n i f i c a n t l y high rates of overcrowding, v i z . 
Ui.'9fi> and 12.9$ l-espectively (General Register Office, 1963). This com-
pares with a figure of only 2$ f o r the ward of Benfieldside and 9.7?S 
for County Durham as a whole. However, bearing i n mind the small sample 
size, i t i s impossible to draw more than tentative conclusions from these 
r e s u l t s . Nevertheless, the available evidence does appear to be compatible 
with the findings of Taylor (1956) that "The d i s t r i b u t i o n of high 
dysentery incidence did ... appear to have some relationship to at least 
one of the environmental indices, namely the average number of persons 
Ver room." 
The d i s t r i b u t i o n of the 95 'negative 1 cases of suspected food 
poisoning, e x h i b i t i n g a markod clustering i n the south-west of the Urban 
D i s t r i c t , almost ce r t a i n l y indicated a s i g n i f i c a n t deviation from a 
random scatter (figure 7»4.)- In p a r t i c u l a r , . . i t was noted how the 
clustering of cases was especially marked i n the v i c i n i t y of the large 
i r o n and steel works (Plate 4 ) . Moreover, by comparing the d i s t r i b u t i o n 
of the 'negative' cases (f i g u r e 7.4.) and the r e l i e f ( f i g u r e 7.6.) i t 
may be seen that the bulk of the cases i n t h i s area occurred below the 
physical l e v e l of the works i t s e l f - that i s , below 700'. This contrasts 
sharply with the ward of Consett North, which, although at the same 
distance from the works as the other two wards, experienced a si g n i f i c a n t 
d e f i c i t of cases. However, i n t h i s case the ward was situated at a higher 
elevation than the i r o n works - i . e . around 800'. 
From the above evidence i t was postulated that the cause of the 
marked i n f l a t i o n i n the incidence of i l l - d e f i n e d stomach disorders at 
Consett was related i n some way t o the large i r o n and steel works i n the 
2 1 8 
south-west of the Urban D i s t r i c t . A i r p o l l u t i o n , and i n pa r t i c u l a r i r o n 
ore dust, was deemed to be the most l i k e l y causative agent. I t i s fur t h e r 
postulated that i f a specific concentration of particulate matter (iron 
ore dust) were ingested over a suitable time, i t could w e l l act as a 
s u f f i c i e n t l y strong stomach i r r i t a n t to e l i c i t a variety of symptoms, 
including diarrhoea, abdominal pain and nausea. This would obviate the 
need f o r any bacteriological explanation. Moreover, under these circum-
stances, the whole effect would tend to become even more pronounced during 
the winter months, when prolonged periods of high atmospheric pressure 
would produce marked inversions of temperature. This l a t t e r s i t u a t i o n 
would inevitably mean that a considerable quantity of the pollutants 
(including the iron dust) would become trapped i n the rather r e s t r i c t e d 
v a l ley of the River Derwent t o the west of the works. 
In the case of iron ore dust per se, i t proved impossible to obtain 
r e l i a b l e data f o r the period under consideration. However, s t a t i s t i c a l 
information with respect to general a i r p o l l u t i o n was available f o r three 
d i f f e r e n t sites w i t h i n the urban d i s t r i c t of Consett (Warren-Spring 
Laboratories. 1965 and 1966). Detailed s t a t i s t i c s were obtained, on a 
monthly basis, f o r the following measures of p o l l u t i o n ( i n ppm) (a) mean 
smoke concentration (b) highest smoke concentration (c) mean sulphur 
dioxide concentration (d) highest sulphur dioxide concentration and (e) 
the r a t i o between the mean smoke and mean sulphur dioxide concentrations. 
These f i v e parameters were then correlated with the monthly n o t i f i c a t i o n s 
of a) a l l suspected food poisoning cases and b) the 'negative' (cause not 
specified) cases only, f o r the main period of incidence - June I964 to 
May 1965. The results are presented i n Table 7-4. 
Despite the small numbers of n o t i f i c a t i o n s involved, the coefficients 
of correlation were consistently high i n specific cases. The positive 
coef f i c i e n t s which were found to exist between smoke p o l l u t i o n and the 
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t o t a l number of n o t i f i c a t i o n s were p a r t i c u l a r l y s i g n i f i c a n t (P<t>.0l) 
f o r each, of the three s i t e s . However, i t was noticed t h a t when the 
'negative' cases were considered on t h e i r own, the levels of significance 
somewhat diminished, though t h i s could simply be explained i n terms of 
reduced sample size. In contrast, none of the twelve coefficients obtained 
by correlating sulphur dioxide p o l l u t i o n with suspected food poisoning 
were found to approach s t a t i s t i c a l significance. 
I n an e f f o r t to substantiate further the v a l i d i t y of the suggested 
association between a i r p o l l u t i o n (smoke) and suspected food poisoning, 
i t was decided to correlate additional meteorological parameters with 
the monthly n o t i f i c a t i o n of suspected food poisoning. I t was hoped tha t , 
by doing so, i t would be possible to demonstrate that the apparent associ-
ation between a i r p o l l u t i o n and suspected food poisoning was i n fa c t more 
than a mere r e f l e c t i o n of other environmental factors underlying the 
regime of atmospheric p o l l u t i o n i t s e l f . For t h i s purpose, the monthly 
s t a t i s t i c s f o r Chopwellwood (situated immediately to the north of Consett 
Urban D i s t r i c t - National Grid Reference 45/136530) were abstracted f o r 
the period June 1964 - A p r i l 1965* The coefficients of correlation which 
v/ere subsequently computed are presented i n Table 7*5. As may be seen, 
only four of the eight co e f f i c i e n t s were s t a t i s t i c a l l y s i g n i f i c a n t . 
Indeed, a l l the levels of significance were substantially lower than i n 
the case of smoke p o l l u t i o n (see Table 7-A-)« 
As a f u r t h e r independent check, the same meteorological variables 
f o r Chopwellwood were correlated with the f i v e indices of atmospheric 
p o l l u t i o n f o r one of the three recording sites i n Consett (Table 7*6. ) . 
These results clearly demonstrate the inverse relationship between a i r 
temperature and specific measures of atmospheric p o l l u t i o n , notably 
smoke (Hutchinson, 1966). Indeed, each of the six coefficients of cor-
r e l a t i o n between, on the one hand, the three temperature parameters, and 
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on the other the average smoke and highest smoke concentrations, were 
s t a t i s t i c a l l y speaking very highly s i g n i f i c a n t (F<0 .00 l ) . 
From the above evidence, i t appeared that although the regime of 
atmospheric p o l l u t i o n (and i n part i c u l a r smoke po l l u t i o n ) was i t s e l f 
l argely conditioned by particular meteorological factors (of which 
temperature was perhaps the most s i g n i f i c a n t ^ ) i t was the former which 
exerted the most s i g n i f i c a n t influence on the incidence of suspected 
food poisoning i n the Consett area during the period of study., This 
particular s i t u a t i o n may perhaps be best i l l u s t r a t e d by the following 
schematic diagram, i n which the number of interconnecting 'strut s ' 
represents the degree of s t a t i s t i c a l association between ind i v i d u a l 
groups of factors. 
SUSPECTED FOOD 
POISONING CASES 
sig n i f i c a n t highly s i g n i f i c a n t 
METEOROLOGICAL FACTORS OF AIR 
FACTORS POLLUTION 
very highly 
7.5. Conclusion 
An examination of the Registrar General's weekly returns revealed 
that the incidence of suspected food poisoning cases fo r Consett U.D. 
appeared somewhat anomalous i n respect of (a) the overall i n t e n s i t y of 
( l ) I n the case of the regime of average smoke concentration, during the 
period June 1964--April 19&5, over 90$ of the t o t a l v a r i a t i o n could be 
explained i n terms of a single meteorological parameter ( v i z : - mean 
diurnal temperature). 
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occurrence and (b) the seasonal regime of n o t i f i c a t i o n s as compared with 
England and Wales as a whole. Although these p e c u l i a r i t i e s could be 
explained purely i n terms of such factors as r e l a t i v e l y over-zealous 
n o t i f i c a t i o n on the part of the general practitioners at Consett, the 
highly s i g n i f i c a n t s p a t i a l clustering of cases, and the apparent r e l a t i o n -
ship between the monthly incidence of cases and p a r t i c u l a r indices of 
a i r p o l l u t i o n , tended t o suggest the i n t e r a c t i o n of specific environ-
mental factors. In t h i s connection, particulate material (including 
iro n ore dust) derived from the extensive ore dumps and s p o i l heaps of 
the large iron and steel works at Consett was deemed a p a r t i c u l a r l y 
important causative agent, especially i n the case of the 'negative 1 cases, 
where a bacteriological cause was not specified. The location of the 
major clusters of cases below the l e v e l of the steel works, i n the 
adjacent wards of Consett South and B l a c k h i l l (Plate 4)j tend to support 
t h i s basic hypothesis. Moreover, the coefficients of correlation 
obtained by correlating monthly incidence of suspected food poisoning 
with f i v e d i f f e r e n t indices of a i r p o l l u t i o n , seemed to emphasise the 
significance of particulate pollutants as against those of a chemical 
nature. 
U n t i l now, the significance of atmospheric p o l l u t i o n i n medical 
studies has been confined essentially to the realms of respiratory 
disease, and i t s associated effects on cardiovascular degeneration. 
The l i t e r a t u r e i n t h i s f i e l d i s more than copious, and appears to be 
growing at an ever-increasing rate. By contrast, l i t t l e attention has 
been paid to the p o s s i b i l i t y of there being more obscure associations 
between atmospheric p o l l u t i o n and disease. Indeed, despite the wealth 
of material which was readily available, i t was only possible to discover 
one reference which suggested a possible causal relationship between a i r 
p o l l u t i o n and disorders of the digestive t r a c t (V/inkelstein and Kantor, 
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1969). In a comparable environmental s i t u a t i o n , Symon (1964) reports 
"frequent cases of anaemia amongst children between the ages of 7 and 
12 years i n one small i n d u s t r i a l town with great d u s t f a l l from i r o n 
works and cement plants i n a place where temperature inversions are 
common." But no mention i s made of any marked s u r f e i t of dysentery or 
similar symptoms. 
I t may be that since the majority of dysenteric symptoms are 
c l i n i c a l l y mild, they are not to be considered so important as the 
chronic diseases such as bronchitis and tuberculosis. This may we l l be 
true ; but i t does not mean to say that t h i s group of symptoms should be 
automatically discarded from further consideration. Indeed, bearing i n 
mind the c l i n i c a l mildness of the disease, the 137 cases of suspected 
food poisoning (and p a r t i c u l a r l y the 95 'negative' cases) which were 
n o t i f i e d i n Consett Urban D i s t r i c t during the two-year period of study, 
could w e l l have represented a f a r greater number of sinala.- cases which 
were not i n fact n o t i f i e d at a l l . In t h i s connection Feters (1910) 
reports t h a t , "only 8jS of attacked persons over two ye_ars of age were 
found to apply to a doctor". Despite the fact that t h i s statement 
referred to an age before the 'free' national health services, i t helps 
to underline the f a c t that the problem of the 'negative' cases of food 
poisoning at Consett may wel l be many times i n excess of the number of 
actual n o t i f i c a t i o n s . As such, i t may be deemed to represent a consider-
able social and economic problem; not only i n terms of working days l o s t , 
but also i n terms of the cost of the expensive medical attention involved 
together with the associated laboratory charges f o r analysing faecal 
samples. 
However, not u n t i l the community at large begins to realise that 
( l ) Dr. Newsholme (l899) i n his t r e a t i s e on Epidemic Diarrhoea does go so 
fa r as to state that the "disease i s due to a particulate poison which 
infec t s the a i r , and i s swallowed, most commonly with food, especially 
milk." 
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such relationships, l i k e the one postulated i n t h i s study, do exist i n 
r e a l i t y , w i l l e f f e c t i v e steps be taken t o reduce the incidence of t h i s 
type of morbidity through the introduction of more r i g i d environmental 
controls. In t h i s connection, Lawthor (1964) points out that "today i n 
a highly sophisticated i n d u s t r i a l society, much has been done to prevent 
and abate a i r p o l l u t i o n and we are now asked hard questions concerning 
the price we are w i l l i n g to pay to deal w i t h the hard core of p o l l u t i o n , 
which i s technically d i f f i c u l t to abolish. I n place of mere strong 
feelings we must have hard facts concerning the effects of p o l l u t i o n i n 
order to answer these questions." 
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S E C T I O N I I I 
MORTALITY 
"Mortality represents the end result of reaction to 
environment." 
E.L. C o l l i s (1925) 
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Chapter 8 
Mortality Data; S t a t i s t i c a l Considerations 
8.1. Introduction 
Individual deaths are n o t i f i e d i n the f i r s t instance to the 
lo c a l r e g i s t r y o f f i c e f o r b i r t h s , deaths and marriages by either a 
general pr a c t i t i o n e r or hospital authority. The circumstances sur-
rounding the death are entered on to appropriate cards which are 
subsequently despatched to a) the General Register Offices i n London 
and b) the Chief Medical Officer of Health f o r the county or county 
borough concerned. The princ i p a l cause of death - that i s to say the 
cause of death to which a part i c u l a r death i s primarily assigned f o r 
s t a t i s t i c a l purposes - i s evaluated by the General Register Office 
(G.R.O.) from the medical evidence supplied by the doctor issuing the 
c e r t i f i c a t e of death. I n particular cases where i t proves impossible 
to derive the p r i n c i p a l cause of death from the available evidence, 
the G.R.O. reserves the r i g h t to refer back to the doctor concerned i n 
order to obtain additional information r e l a t i n g to the circumstances 
of death. 
When the substantive cause of death has been established, the 
information i s duly collated and stored by computer. In due course, 
summary data sheets, showing the annual m o r t a l i t y f o r each l o c a l authority 
i n the country are produced from the data bank. Each sheet, which 
refers t o a single l o c a l authority, provides a comprehensive tabulation 
of deaths by a) sex, b) age-group (12 categories) and c) pri n c i p a l cause 
of death (36 main causes). Copies of these tabulations are circulated 
to the respective l o c a l authority and County Medical Officers of Health 
f o r reference purposes. I t i s perhaps i n t e r e s t i n g to note that these 
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MORTALITY IN COUNTY DURHAM — 1963-67 
L O C A L 
AUTHORITY SEX YEAR 
code 
The No. of D isease 
Categor ies for wh ich 
D e a t h s w e r e recorded 
age-group-
ALL 
AGES 
Under 
1yr 1-4 5-14 15-24 25-24 35-44 45-54 55-64 65-74 
over 
75 
RESPIRATORY TUBERCULOSIS 1 
TUBERCULOSIS, OTHER 2 
SYPHILITIC DISEASE 3 
DIPTHERIA 4 
WHOOPING COUGH 5 
MENINGOCOCCAL INFECT. 6 
POLIOMYELITIS 7 
MEASLES 8 
OTHER INFECT. DIS. 9 
STOMACH CANCER 10 
LUNG CANCER 11 
BREAST CANCER 12 
CANCER OF UTERUS 13 
ALL OTHER CANCERS 14 
LEUKAEMIA 15 
DIABETES 16 
VASCULAR LESIONS 17 
CORONARY DISEASE 18 
HYPERTENSION 19 
OTHER HEART DISEASE 20 
OTHER CIRCULATORY DIS. 21 
INFLUENZA 22 
PNEUMONIA 23 
BRONCHITIS 24 
OTHER RESPIRATORY DIS. 25 
ULCER OF STOMACH 26 
GASTRITIS 27 
NEPHRITIS 28 
HYPERPLASIA 29 
CHILDBIRTH 3 0 
CONGENITAL MALFDRM. 31 
OTHER ILL DEFINED DIS. 32 
MOTOR ACCIDENTS 33 
ALL OTHER ACCIDENTS 34 
SUICIDE 35 
HOMICIDE 3 6 
DEATHS FROM ALL CAUSES 37 
Figure 8.1. 
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tables, v/hich are compiled by a somewhat remote agency i n London, are 
nevertheless regarded as the o f f i c i a l record of mortal i t y at the 
county and l o c a l authority l e v e l . This i s despite the fact that on 
numerous occasions l o c a l records may i n fact show considerable d i s -
crepancies, p a r t i c u l a r l y i n respect of cause of death. Should these 
discrepancies prove excessive, the l o c a l medical o f f i c e r i s obliged 
to refer back to the G.R.O. i n London i n an e f f o r t to resolve the more 
s t r i k i n g of these anomalies. 
8.2. Data co l l e c t i o n and i n i t i a l processing 
For the purposes of the present study, application was made to 
the County Medical Officer f o r permission to abstract m o r t a l i t y s t a t i s -
t i c s f o r the t h i r t y - f i v e l o c a l authorities w i t h i n the administrative 
county of Durham, f o r the period 1963-67 inclusive. Similar approaches 
were also made to the appropriate authorities i n the f i v e county 
boroughs of Darlington, Gateshead, South Shields, Sunderland and Yfest 
Hartlepool. I n each case the s t a t i s t i c s were derived from the annual 
summary sheets compiled and circulated by the Ministry of Health i n 
London. An appropriate coding sheet was devised f o r the purpose 
(f i g u r e 8.1.), allowing f o r the convenient transfer of the data on to 
punched cards at a l a t e r stage. I t should be noted that during the 
process of data abstraction, age categories 'under 4 weeks* and '4 weeks 
to 1 year' were rationalised to a single age group 'under 1 year'. 
The i n i t i a l t r a n s cription of the data on to the coding sheets 
proved somewhat laborious, since the process had to be repeated f o r 
both sexes over a period of f i v e years and f o r each of the 40 l o c a l 
a u t h o r i t i e s . I n a l l , a period of two weeks was spent i n the preparation 
of the 400 data sheets, which were then submitted to the punch room of 
the university computer unit f o r transfer to punch cards. 
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A separate deck of cards was produced f o r each of the coding 
sheets - i . e . deaths recorded f o r a pa r t i c u l a r sex i n a single l o c a l 
authority during one calendar year. The arrangement of a t y p i c a l deck 
of cards i s shown i n figure 8.2.. The i n d i v i d u a l card decks were sub-
sequently compounded i n t o conveniently sized batches and subjected to 
an 'error' programme which was specially designed by the w r i t e r t o 
detect and pinpoint basic copying and punching errors which had been 
introduced i n t o the data bank during the two d i s t i n c t phases of trans-
c r i p t i o n outlined above. Basically speaking, the programme checked 
(a) that individual d i g i t s were punched i n the correct columns on each 
computer card, (b) that the number of deaths recorded by individual 
age-group categories corresponded with the t o t a l f o r ' a l l ages' given 
i n the second column of each card, and (c) that the t o t a l number of 
deaths recorded by cause f o r a par t i c u l a r age category corresponded with 
the respective t o t a l deaths 'from a l l causes' registered i n the summary 
card f o r each deck ( i . e . card 17 i n figure 8.2.). A l l errors which 
emerged were duly resolved and the appropriate punch cards were replaced 
or suitably amended. The corrected deck was then resubmitted and sub-
jected to the 'error' programme f o r a second time, to ensure that a l l 
the appropriate amendments had i n fa c t been made, and that the deck was 
erro r - f r e e . 
When a l l the ind i v i d u a l decks of cards had been duly checked and 
rechecked, they were arranged i n t o a l o g i c a l sequence (as indicated below) 
and subsequently stored on a magnetic tape with the aid of a further 
computer programme which was specially designed f o r the purpose. 
2 3 4 
DARLINGTON C.B. 
Male Mortality 
1963 deck 1. 
1962, deck 2. 
1965 deck 3. 
1966 deck 4. 
1967 deck 5-
Female Mortality 
1963 deck 6. 
1962, deck 7. 
1965 deck 8. 
deck 9. 
1967 deck 10. 
GATESHEAD C.B. 
Male Mortal? t y 
deck 11. 
etc., etc. 
I n t h i s state, the t o t a l data bank was readily accessible, and 
indeed any single data item could be suitably located, abstracted and 
u t i l i s e d i n computation i n a matter of a few seconds or even micro-
seconds. 
8.3. The standardisation of mort a l i t y data 
I n the study of moi-tality, the composition of the population at 
r i s k plays a considerable part i n determining the rate at which i n d i -
viduals die, and also the purportion of deaths a t t r i b u t a b l e to p a r t i c u l a r 
causes. Although the age- and sex-structure of the population i s 
undoubtedly the most s i g n i f i c a n t consideration i n t h i s connection 
(Daw, 1961; Conrad, 1962; Valaoras,1956) a host of other demographic 
parameters such as socio-economic status (Hamilton, 1955; Logan, 1954; 
K i l p a t r i c k , 1963; Sutherland, 1947) educational status (Upchurch, 1962) 
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SUNDERLAND L . B . PA„E ol 
196 J - MALE 
CAUSE OF OEATM TUTAL UNDER 1 1-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 O'/E.l 75 
TUBERCULOSIS OF R E S P . S Y S t . 13 0 0 0 0 a 1 2 4 4 2 
S Y P H I L I T I C DISEASES 2 0 0 0 0 0 1 a 1 'J 0 
MENINGOCOCCAL INFECTION 2 1 1 0 0 a 0 0 0 J u 
OTHER INFECTIVE DISEASES 1 0 0 0 0 i 0 0 0 J 0 
MALIC. NEOPLASM - STOMACH 52 0 0 a 0 a 0 6 14 77 10 
MALIC. NEOPLASM - LUNC 85 0 -0 a 0 0 1 8 35 12 1 
ALL OTHER MALIC. NEOPLASMS 81 0 0 0 2 2 0 5 2 1 21 28 
LEUKAEMIA AND ALEUKAEMIA 4 0 1 i 0 0 0 1 0 1 i) 
DIABETES 4 0 a 0 0 0 1 0 1 1 o 
VASCULAR LESIONS CF C . N . S . 111 0 0 a 0 1 4 7 22 2 ) 4rt 
CORONARY DISEASEi ANGINA 249 0 0 0 0 1 8 24 76 6u 74 
HYPERTENSION OF HEART 10 0 0 0 0 c 0 0 2 •» 4 
ALL OTHER HEART OISEASES SI D 0 0 0 0 4 2 6 11 28 
OTHER CIRCULATORY DISEASES 27 0 a 0 0 0 1 1 4 ; 12 
INFLUENZA 9 0 0 0 0 a 0 1 1 2 1 
PNEUMONIA AND BRONCHC-PNEUN. 128 11 0 0 0 l 0 4 10 41 61 
BRONCHITIS 124 n 0 0 0 a } 7 19 19 36 
OTHER DISEASES OF R E S P . S V S T . 12 0 0 0 0 0 0 1 6 2 1 
ULCER OF STOMACH 1 DUODENUM 11 0 0 0 0 0 0 1 4 2 4 
GASTRIT IS iENTERIT IS iC IARRHDEA 4 0 0 0 0 0 1 1 0 7 0 
NEPHRITIS AND NEPHROSOS 8 0 0 0 0 2 2 1 1 1 1 
HYPERPLASIA UF PRSOIATE 5 0 D 0 0 0 0 0 3 ? 1 
CONGENITAL MALFORMATIONS 16 12 0 1 2 0 0 1 0 0 J 
ALL OTHER CAUSES OF DEAIH 75 35 2 2 1 0 2 3 7 ) 14 
MOTOR VEHICLE ACCIDENTS 14 0 2 2 I I 2 4 1 0 1 
ALL OTHER ACCIDENTS 28 0 2 3 1 3 3 3 3 J 1 
SUICIDE 17 0 0 0 1 3 2 4 4 2 1 
HOMICIDE lOPEHAUUAS OF WAR 1 0 0 0 1 0 0 0 0 0 0 
TOTAL OF ALL DISEASES 1147 59 a 9 9 15 36 91 264 301 153 
ABSOLUTE NUMBER UF DEATHS rfCCOrfDcD 
CAUSE OF DEATH TOTAL UNDER 1 1-4 5-14 15-24 25-34 15-44 45-54 55-64 65-T4 OVE< 73 
RESPIRATORY DISORDERS 24 18 0 0 0 6 11 18 22 2 1 } I 
INFECTIVE DISORDERS 0 1 12 0 D 6 z, U 0 9 0 
CIRCULATORY DISORDERS 39 0 a 0 0 13 47 1 » 41 38 4 1 
MALIGNANT NEOPLASMS 19 0 12 11 22 13 2 21 27 25 12 
VIOLENT DEATHS S 0 50 55 44 46 19 12 3 1 2 
OTHER ILLNESSES 11 79 25 3 3 33 13 16 1 4 5 7 
PERCENTAGE UF OEAT MS BY CATEGORY 
SUNDERLAND C A T PAGE 8? 
1963 - MALE 
CAUSE OF UEATH TOTAL UNDER 1 1-4 5-14 15-24 25-34 35-44 45-54 55-6-. 65-14 OVE* 75 
TUBERCULOSIS OF RESP. SVST . 14 0 a 0 0 0 8 17 44 16 B5 
S Y P H I L I T I C DISEASES 2 0 0 0 0 0 B 0 11 0 0 
MENINGOCOCCAL INFECI IDN 2 52 13 0 0 0 0 0 0 0 0 
OTHER INFECTIVE DISEASES 1 0 a 0 0 7 0 0 0 u a 
HALIG. NEOPLASM - STOMACH 56 0 a 0 0 0 0 53 154 412 476 
MALIG. NEOPLASM - LUNG 90 0 a 0 0 0 8 71 396 628 218 
ALL OTHER MALIC. NEOPLASMS BB 0 0 0 16 15 0 44 254 412 1194 
LEUKAEMIA AND ALEUKAEMIA 4 0 i i 5 0 0 0 8 0 19 0 
DIABETES 9 0 0 0 0 0 8 0 11 19 255 
VASCULAR LESIONS OF C . N . S . 121 0 0 0 0 7 12 62 243 569 204 7 
CORONARY D ISEASEi ANGINA 271 0 0 0 0 7 64 213 840 1296 315o 
HYPERTENSION OF HEARI 10 0 0 0 0 0 0 0 22 la 170 
ALL OTHER HEART UISEASES 55 0 0 0 0 0 32 17 66 216 1174 
OTHER CIRCULATORY DISEASES 29 0 0 0 0 0 8 26 44 137 51 1 
INFLUENIA 9 0 0 0 0 0 0 26 11 39 121 
PNEUMONIA AND BROIkCHC-PNCUH. 139 574 0 0 0 7 0 15 110 805 260 2 
BRONCHITIS 135 0 0 0 0 0 24 62 431 766 1535 
OTHER OISEASES OF R E S P . S Y S T . 13 0 0 0 0 0 0 8 66 3'l 127 
ULCER DF STOMACH 4 DUODENUM 12 0 0 0 0 0 0 B 44 19 170 
G A S T R I I I S . E N T E K I I I S i D I A R R I I O E A 4 0 0 0 0 0 8 8 0 39 0 
NEPHRITIS AND NEPHttOSOS 8 0 0 0 0 15 16 8 11 19 42 
HYPERPLASIA OF PRSOTATE 5 0 a 0 0 0 0 0 0 31 177 
CONGENITAL MALFORMATIONS 17 62 b a 5 16 0 0 8 0 0 0 
ALL OTHER CAUSES OF DEATH 81 1826 26 11 fl 0 16 26 77 17o 59 7 MOTOR VEHICLE ACCIDENTS 15 0 26 11 B 7 16 15 11 U 42 
ALL OTHER ACCIDENTS 30 0 26 17 8 23 24 26 13 56 2)8 
SUICIDE 18 0 0 a 8 23 16 35 44 31 42 
HOMICIDE.OPERATIONS GF hAR 1 0 0 0 B 0 0 D 0 0 a 
TOTAL OF ALL DISEASES 1251 3079 106 5 ) 72 115 291 510 2911 5952 
4 G E - S P E C I F I C HIJrWAll IY i<AT PS PEU 
POPULATION BY AGE-GROUPS 91647 1916 7532 16791 12430 12932 17336 1 1212 9044 509U 2144 
Figure 8.3. 
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and race (Krueger, 1963) raay D e regarded as important contributory 
influences. For t h i s reason, some form of i n i t i a l standardisation 
of the raw mor t a l i t y data i s essential i f subsequent spatial compari-
son i s conteDiplated. I n theory, the standardisation process seeks to 
eliminate, or at least to minimise, the effects of pa r t i c u l a r known 
oources of v a r i a t i o n - notably age and sex. 
The most basic form of standardisation i s the crude m o r t a l i t y 
rate, expressed as the number of deaths per u n i t of population. This 
measure i s almost exclusively employed at the national or international 
scale as a rough guide to the overall m o r t a l i t y s i t u a t i o n . Used i n 
conjunction with the crude b i r t h rate and the infant m o r t a l i t y rate 
(expressed as the number of deaths under the age of one year per 1,000 
l i v e b i r t h s ) i t can provide a useful indication of the r e l a t i v e stage . 
of economic development of a particular country. However, at the l o c a l 
scale the crude m o r t a l i t y rate has l i t t l e or no i n t r i n s i c value, 
p a r t i c u l a r l y i n the context of spatial comparison. 
At the outset of-the study, i t had been hoped that by selecting 
a county with a population i n excess of one and a hal f m i l l i o n s , and by 
considering a f i v e year period, a suitably large 'quantum1 of mo r t a l i t y 
would have been embraced to permit the detailed investigation of 
mor t a l i t y patterns f o r individual age-groups by l o c a l authority. During 
the i n i t i a l processing stage, a computer programme was run t o produce 
detailed tabulations of the annual morta l i t y f o r each l o c a l authority 
during the f i v e year period 1963-67. ^ addition to a simple statement 
of the number of deaths by sex, age-group and disease category, a second 
tabulation was produced showing age- and sex-specific mort a l i t y rates 
per 100,000 population f o r the same headings. A summary table was also 
provided i n each case, showing deaths by age-group f o r the f i v e major 
mortal i t y groupings. A sample of the output from t h i s programme i s 
shown i n figure 8.3. 
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Unfortunately, a subsequent attempt at mapping the age- and 
sex-specific mort a l i t y rates for the county revealed substantial 
l i m i t a t i o n s i n the base data, p a r t i c u l a r l y i n the case of the smaller 
l o c a l a u t h o r i t i e s . Despite the investigation of a f i v e year sequence 
of m o r t a l i t y s t a t i s t i c s , the numbers of deaths registered i n particular 
age and sex categories were too low to permit r e l i a b l e mapping, except 
perhaps i n the case of the two most s i g n i f i c a n t causes of death - v i z . 
coronary disease and vascular lesions of the central nervous system. 
However, even i n these two cases mapping of the data would only have been 
possible f o r a very l i m i t e d number of age-groups. 
As a r e s u l t , i t was decided to undertake the mapping of the 
mort a l i t y data by means of standardised m o r t a l i t y r a t i o s (S.M.R.). I n 
th i s way, i t was found possible to consider the t o t a l mortality ( a l l 
ages) f o r i n d i v i d u a l areal u n i t s , while at the same time allowance could 
be made f o r l o c a l variations i n demographic structure. I u essence, the 
operation seeks to view the mortality experience of a number of d i f f e r e n t 
areas i n r e l a t i o n t o a common or mean age and sex structure. This may be 
accomplished i n one of two ways: the advantages and disadvantages of 
which are discussed below. 
8.3.1. The ind i r e c t method of standardisation 
This pa r t i c u l a r method of standardisation formed the basis of the 
mort a l i t y studies undertaken by Howe (19^3 a n d 1970) f o r the United 
Kingdom; and Learmonth and Nichols (1965) and Learmonth and Grau (1969) 
i n Australia. I t i s invariably employed where, at the l o c a l l e v e l , a 
detailed breakdown of deaths by age-group i s not readily available. For 
example, i n the case of England and Wales, a comprehensive age breakdown 
of annual deaths i s only provided f o r the standard regions and major 
conurbations. Published mo r t a l i t y records at the county and county borough 
l e v e l simply consist of a statement of the t o t a l number of deaths by major 
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cause for each sex (see the Registrar Genera].'s S t a t i s t i c a l Review, 
part 1. Tables- Medical). 
As may be seen from table 8.1., the method involves the calcu-
l a t i o n of the number of deaths which would be expected to occur i f the 
l o c a l population was to experience the age- and sex-specific m o r t a l i t y 
rates recorded f o r the overall or 'reference' population. The resultant 
fi g u r e i s then divided i n t o the t o t a l number of deaths which were 
actually recorded i n the l o c a l area, to produce the S.M.R.. This i s 
usually m u l t i p l i e d by a factor of 100 i n order to express the r a t i o as 
a percentage. 
A major advantage of the method l i e s i n the f a c t that only a 
single set of age- and sex-specific m o r t a l i t y rates have to be calculated 
f o r each disease studied - i . i ? . f o r the 'reference' area only. A l l that 
i s required at the l o c a l l e v e l i s an appropriate breakdown of the popula-
t i o n by age and sex (readily obtainable from the decennial census returns) 
together with the t o t a l number of deaths recorded f o r the p a r t i c u l a r cause 
of death under .consideration. 
On the other hand, i t should be noted that substantial variations 
i n the age-specific mortality rates f o r the l o c a l area are automatically 
excluded from consideration. I n the example cited (table 8.1.) the 
m o r t a l i t y rates f o r males i n the age-groups over 45 are substantially 
higher f o r County Durham than for England and Wales as a whole, although 
t h i s fact i s not appreciated i n the subsequent computation of the S.M.R. 
I n e f f e c t , the i n d i r e c t method of standardisation i s employed on the 
basic assumption that there are i n fact few or no s i g n i f i c a n t variations 
i n the l o c a l age- and sex-specific rates. 
8.3.2. The direct method of standardisation 
I n t h i s case, the age- and sex-specific rates f o r the l o c a l area 
are applied to the age structure f o r the reference area. This f a c i l i t a t e s 
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the calculation of the expected number of deaths which would occur i f 
the specific mortality rates f o r the l o c a l area were to be experienced 
over the reference area as a whole. This figure i s then divided by the 
t o t a l number of deaths which were actually recorded i n the reference 
area to produce the S.M.R. by direct standardisation. By t h i s method 
i t i s possible to take account of l o c a l variations i n age-specific 
m o r t a l i t y , as well as the l o c a l p e c u l i a r i t i e s of demographic structure. 
I t may be noted from table 8.1. that there was i n fact l i t t l e 
v a r i a t i o n i n the respective results obtained from the two methods of 
standardisation: indeed the two S.M.R.*s di f f e r e d by less than 0.1 per 
cent. However, t h i s s i t u a t i o n should not be regarded as t y p i c a l , and 
i n practice the discrepancy betv/een the two figures could w e l l be sub-
s t a n t i a l l y greater. 
The d i r e c t method of standardisation cannot be employed unless 
an adequate age-breakdown of morta l i t y i s available at the l o c a l l e v e l . 
Fortunately t h i s requirement was s a t i s f i e d i n the case of County Durham, 
even though the actual abstraction of the data from unpublished sources 
together with the i n i t i a l processing of the s t a t i s t i c s proved to be 
extremely time consuming. Moreover, i t should be noted that t h i s p a r t i -
cular method of standardisation i s also considerably more tedious i n 
terms of computation than the in d i r e c t method already described. A com-
pletely new set of age- and sex-specific mor t a l i t y rates has to be 
calculated f o r each l o c a l area i n t u r n , and t h i s process has to be 
repeated f o r each cause of death considered. For example, i n the case 
of County Durham with f o r t y l o c a l a u t h o r i t i e s , the investigation of 
mo r t a l i t y by sex and individual disease categories could well involve 
the computation of over 2,700 separate S.M.R.'s, each of which v/ould 
require a d i f f e r e n t set of age- and sex-specific m o r t a l i t y rates. Quite 
obviously t h i s would demand the expenditure of an exorbitant amount of 
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time and e f f o r t should the computation be undertaken by hand, or even 
by desk calculator,, As a result a further computer programme was 
devised to transform the raw data, stored on magnetic tape, i n t o stan-
dardised mort a l i t y ratios by l o c a l authority i n a single process. A 
l i s t i n g of the programme i s provided i n Appendix P. In t h i s case, 
County Durham was regarded as the standard or 'reference' area, and the 
mortali t y f o r each of the individual l o c a l authorities was duly stan-
dardised i n r e l a t i o n to the population structure f o r the county as a 
whole. 
8o4» Spatial considerations 
8.4.1. Boundary changes 
During the period 1963-67 a number of administrative boundary 
changes took place w i t h i n County Durham. Of these two produced quite 
marked fluctuations i n the resident populations of the l o c a l a u t h o r i t i e s 
concerned. On A p r i l 1st 1967, the r u r a l d i s t r i c t of Sunderland, w i t h a 
I 9 6 I population of 28,368, was incorporated into the county borough of 
Sunderland and the urban d i s t r i c t of Houghton-le-Spring. By f a r the 
larger part of the population was assigned to the former authority. 
A second major boundary change also took effect from 1st A p r i l 
I967. This involved the amalgamation of the County Borough of West 
Hartlepool and the adjacent Municipal Borough of Hartlepool with resident 
populations of 77,035 and 17,675 respectively ( I 9 6 I census). The 
resultant authority was renamed the County Borough of Hartlepool. 
In the case of both these boundary changes, i t was decided to 
regard the pre-April 1967 s i t u a t i o n as the base f o r the present i n v e s t i -
gation of mox'tality. Accordingly, appropriate s t a t i s t i c a l adjustments 
were made to the mortality data of a l l l o c a l authorities affected by the 
above changes. This operation was carried out at the same time as the 
standardisation processes described above (section 8.3.). 
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8.4.2. Consolidation o r l o c a l authorities 
Soon a f t e r the i n i t i a l processing of the raw data, i t became 
apparent that mapping of the resultant S.M.R.'s f o r individual causes 
of death could not be undertaken at the l o c a l authority l e v e l except 
i n the case of the most common disease categories - notably coronary 
disease and vascular lesions of the central nervous system. Despite 
the consideration of a f i v e year period, the number of deaths recorded 
f o r less common disease categories at the l o c a l l e v e l were i n s u f f i c i e n t 
to permit m o r t a l i t y mapping with any degree of s t a t i s t i c a l confidence. 
This consideration had a particular relevance f o r the many l o c a l a u t h o r i -
t i e s of central and western Durham where resident populations were 
generally under 15,000. 
Consequently i t was decided to undertake a process of progressive 
compounding of the less populous l o c a l authorities to f a c i l i t a t e the 
mapping of the less common disease categories. I n t h i s connection, a 
figure of twenty recorded deaths ( f o r the period 1963-67) w a s Qdopted 
as a required minimum i n each areal unit f o r any given cause of death. 
This was consistent with the observations of the Registrar General that 
rates calculated on the basis of less than twenty cases are generally 
not s t a t i s t i c a l l y r e l i a b l e (Howe, 1963:6). A more rigorous t e s t i n g of 
the base data was not deemed necessary on t h i s occasion, since the 
resultant m o r t a l i t y patterns were required merely as primary indicators 
of spatial v a r i a t i o n . They were not to be z'egarded, necessarily, as a 
basis f o r more sophisticated synthesis. 
YJherever possible, the process of consolidation took place between 
contiguous authority areas, and an attempt was made to amalgamate areas 
of a similar environmental character - e.g. the r u r a l d i s t r i c t s of 
western Durham, and the small urban d i s t r i c t s of south-west Durham 
(f i g u r e 8.4*)• Nevertheless, i t should be stressed that since the act 
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of consolidation was carried out i n a somewhat a r b i t r a r y fashion, a 
considerable measure of geographical s e n s i t i v i t y was inevitably removed 
from the spatial patterns of mortality which were subsequently derived. 
As a resul t of consolidation, the f o r t y administrative units of the 
county were rationalised to t h i r t e e n consolidated areas, each with a 
resident population i n excess of 20,000. A similar method of approach 
was applied by Hechter and Borhani (1965212) i n t h e i r study of mo r t a l i t 
and geographic d i s t r i b u t i o n of a r t e r i o s c l e r o t i c heart disease. In t h i s 
case the s t a t i s t i c s r e l a t i n g to 19 sparsely populated counties i n 
California were compounded. 
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Chapter 9 
Mort a l i t y Patterns i n County Durham, 1963-67. (1) 
This chapter i s concerned with the preliminary consideration of 
the more si g n i f i c a n t aspects of mortal i t y i n County Durham. S.M.R.'s 
fo r eight mort a l i t y categories, together with 'death from a l l causes', 
were mapped f o r males and females f o r the f i v e year period 1963-67. 
I n the case of vascular lesions, and angina and coronary disease, i t 
was possible to undertake mapping at the l o c a l authority l e v e l , since 
a s u f f i c i e n t l y large number of deaths had been recorded f o r each 
authority area. However, i n the case of the other six mort8?:ty cate-
gories i t was found necessary to map on the basis of the 'consolidated 
areas' (described in. section 8.4-, supra)« I n each case, appropriate 
demographic cartograms were constructed and located on the page facing 
the corresponding chorographic maps. This ensured that undue attention 
was not paid to the sparsely populated r u r a l areas to the west; as w e l l 
as helping t o emphasise the true quantum of mortal i t y experienced i n the 
urban areas. 
The major features of the patterns of mo r t a l i t y are described and 
analysed, and an attempt made to view the. Durham si t u a t i o n i n r e l a t i o n 
to the mortality experience f o r England and Wales as a whole. Where 
the s p a t i a l patterns of mortality are p a r t i c u l a r l y well-defined, a ten-
t a t i v e attempt at causative explanation has been madej but only i n those 
cases where the results would appear to be consistent with established 
medical theory or experience. 
( l ) The r e s u l t s , contained i n t h i s chapter, have already been published 
(Young 1970). The author wishes to express his sincere thanks to 
J.C. Dev/dncy, the editor of the B r i t i s h Association handbook, "Durham 
County and City with Teesside", f o r permission to reproduce the.choro-
graphic maps (figures 9.2., 3.k., and 9.6.)-
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9.1, Mortality from a l l causes 
During the five-year period 1963-67 a t o t a l of 87,702 deaths 
were recorded i n County Durham, comprising 47,546 male and 40,156 female 
deaths. The standardised mort a l i t y r a t i o s for County Durham i n r e l a t i o n 
to the rest of England and Wales were 109.5 and 110.3 f o r males and 
females respectively. This indicated that m o r t a l i t y rates were approxi-
mately 10 per cent above the national average when due allowance had 
been made f o r difference i n age structure. 
When age-specific m o r t a l i t y rates are considered (Table 9.1. )> i t 
may be.seen that County Durham exhibits a s i g n i f i c a n t l y d i f f e r e n t regime 
from England and Wales as a whole. I n the case of males, the county has 
a notable excess of m o r t a l i t y i n the f i r s t f i v e years of l i f e , compared 
with the national average, followed by a period of r e l a t i v e l y low mortal-
i t y i n the age range 5-35- Over the age of 35, the s i g n i f i c a n t excess 
of m o r t a l i t y becomes re-established. In contrast, female mort a l i t y i n 
County Durham appears to diverge less s i g n i f i c a n t l y from the regime of 
the country as a whole. Indeed, up to the-age of 35, the age-specific 
rates are approximately the same f o r corresponding age groups but, over 
35> the County Durham rates move to a r e l a t i v e l y higher l e v e l of m o r t a l i t y , 
although the excess i s not nearly so marked as i n the case of males. 
I n a l l age groups, the age-specific mortality rates f o r females 
are substantially lower than those recorded f o r males. Indeed i n the 
case of the 55-64 age group, the female mort a l i t y rate i s less than h a l f 
that of the male rate. 
Although i n the case of in d i v i d u a l disease categories s i g n i f i c a n t 
s patial d i s t r i b u t i o n s are prominent (see below), the mapped S.M.R.'s f o r 
a l l causes display less well-defined patterns ( f i g s . 9.1- and 9.2.). 
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Table 9»1« Mean annual age-specific mortality rates per 100,000 
persons from a l l causes for County Durham and England 
and Wales, 1963-67. 
MALES PEJv IALES 
Age Group 
(Yrs) County England County England 
Durham and Wales Durham and Wales 
0-5 826 598 470 472 
5-14 42 43 26 28 
15-24 100 115 43 47 
25-34 102 108 68 69 
35-44 281 249 199 173 
45-54 819 693 469 417 
55-64 2,614 2,311 
5,649 
1,197 1,081 
65-74 6,183 3,488 
12,038 
3,013 
75+ 14,611 14,103 11,105 
Only the r u r a l d i s t r i c t s of Icnchester, Sunderland and Darlington had 
S.M.R.'s s i g n i f i c a n t l y above the county mean f o r both males and females, 
and only Consett U.D. and Barnard Castle R.D. had s i g n i f i c a n t l y low 
S.M.R.'s fo r both sexes. I n the case of males, Gateshead and F e l l i n g 
formed a consolidated area of high mortality i n the north of the county, 
together with the more isolated centre of Chester-le-Street U.D. For 
females, an extensive area of high mortality was v i s i b l e i n the r u r a l 
d i s t r i c t s of the south and east of the county, whilst Hartlepool M.B. 
and Whickhan U.D. displayed surprisingly low levels of mo r t a l i t y . 
9.2. Angina and Coronary Disease 
During the five-year period 1963-67, angina and coronary disease 
accounted for approximately 25 per cent of a l l male and 19 per cent of 
-a l l female deaths i n County Durham. As such i t was the main cause of 
death f o r both s e x e s . T h e standardised mort a l i t y ratios for the 
county as a whole were 112 and 131 for males and females respectively, 
( l ) Howe (1963:43) reported that during the 1954-58 period a r t e r i o s c l e r o t 
heart disease was the main cause of deaths i n males, and only the second 
most important i n females. 
Figures 9.1. and 3.2. Mortality from a l l causes, 
vascular lesions, and angina and coronary disease, 
1963-67. (Standardised mortality r a t i o s f o r each 
lo c a l authority area : County Durham = 100.) 
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i n d i c a t i n g a marked excess of m o r t a l i t y i n comparison with the rest of 
England and Wales, p a r t i c u l a r l y as far as women were concerned. 
I n the case of males, three d i s t i n c t areas exhibited high S.M.R.'s 
(figures 3.1. and 3.2.). These were the Chester-le-Streetto Gateshead 
area i n the north, the south-western r u r a l areas of the county, and 
Billingham U.D. In contrast, the l o c a l authorities of south-east 
Tyneside, together w i t h Hartlepool M.B. and Crook" U.D., had S.M.R.'s 
si g n i f i c a n t l y below the county mean. 
The pattern of female m o r t a l i t y , on the other hand, showed an 
extensive area of high incidence i n the centre-east of the county, sur-
rounded by a ri n g of additional areas - Billingham, F e l l i n g and Ryton 
U.D.'s and Weardale R.D. - with S.M.R.'s i n excess of 110. South-east 
Tyneside, together with a zone i n the south-west of the county, consti-
tuted the most s i g n i f i c a n t areas of low m o r t a l i t y , although the l o c a l 
a u t h o r i t i e s of Hartlepool, Whickham, Consett and Brandon also recorded 
r e l a t i v e l y low r a t i o s . 
9.3. Vascular lesions of the Central Nervous System 
Between 1963 and 1967 vascular lesions of the central nervous 
system accounted f o r 11 per cent of a l l male deaths and approximately 
17 per cent of female deaths. However, t h i s sex d i f f e r e n t i a l i s perhaps 
not quite so dramatic as i t might at f i r s t appear, since over 50 per cent 
of the deaths from t h i s cause occur i n the age-group 75 and over, i n 
which there i s a remarkably high sex-ratio. During the five-year period 
under consideration, County Durham experienced a p a r t i c u l a r l y high l e v e l 
of m o r t a l i t y from t h i s disease, as compared with the rest of England and 
Wales. The S.M.R. f o r males was 129, whilst the corresponding figure f o r 
females was 123. 
Within the county, the mapped S.M.R.'s show a considerable measure 
of spatial v a r i a t i o n , even wi t h i n quite short distances ( f i g s . 9.1. and 9.2.). 
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The ar&a of highest incidence i n the case of males was located towards 
the west of the county i n the r u r a l d i s t r i c t s of Lanchester and '.Yeardale, 
together with the urban d i s t r i c t s of Crook and Shildon. In contrast, 
Wearside, North Teesside, including Stockton R.D., Consett and Durham 
R.D. exhibited r e l a t i v e l y low mortality r a t i o s . 
A similar area of high mor t a l i t y , covering Weardale and Lanchester 
r u r a l d i s t r i c t s , was noted i n the map of female mortality from t h i s 
cause. However, i n t h i s case a b e l t of r e l a t i v e l y high mortality 
(S.M.R. 110-130) was seen to extend as f a r as Easington on the coast. 
I n contrast, the most si g n i f i c a n t areas of low morta l i t y were to be 
found i n the north of the county, p a r t i c u l a r l y at Gateshead, Sunderland 
and Consett, while Hartlepool M.B., Sedgefield R.D. and Stockton M.B. 
constituted isolated areas of low mo r t a l i t y i n the south. 
At a national l e v e l , the work of Morris et a l . (196I), suggested 
that there was an inverse relationship between the hardness of water 
supplies and the l e v e l of morta l i t y from cardio-vascular disease 
(including vascular lesions). Since the greater part of County Durham 
i s served with supplies of soft drinking water derived from peat-lined 
reservoirs i n the Pennines, the above hypothesis might seem to be sub-
stantiated by the high S.M.R.'s f o r the county as a whole. However, 
when the s i t u a t i o n i s analysed at the l o c a l l e v e l , i t i s discovered that, 
the areas with the highest mo r t a l i t y ratios ( p a r t i c u l a r l y Weardale and 
Lanchester) are i n fact the very areas served by l o c a l supplies of 
extremely hard spring water. Quite obviously, at the l o c a l l e v e l of 
investigation, an alternative hypothesis of causation must be sought. 
9.4. Cancer oT the Stomach • 
Cancer of the stomach accounted f o r only about 3 per cent of a l l 
deaths recorded i n County Durham between 1963 and 196?. Nevertheless, 
i n comparison with the rest of England and Wales, the county experienced 
Figures 9.3. and 9.4. Mortality from specific categories 
of malignant disease, I963-67. (Standardised morta l i t y ratios 
f o r groups of l o c a l authority areas; County Durham = 100.) 
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p a r t i c u l a r l y high m o r t a l i t y r a t i o s . The S.M.R.'s were 136 and 143 f o r 
males and females r e s p e c t i v e l y . 
I n f i g u r e s 9*3* and 9«4»> the appropriate S.M.R.'s have been mapped 
f o r the consolidated areas of the county. For males, a q u i t e d i s t i n c t i v e 
t r e n d i s d i s c e r n i b l e , w i t h the areas of extremely low S.M.R.'s ( l e s s 
than 70) i n the west and south-west of the county, and the areas of 
highest incidence i n the n o r t h and east. By comparison, the female d i s t r i -
b u t i o n e x h i b i t s a more d i r e c t west to east g r a d i e n t , w i t h Easington and 
Seaham as the area of maximum incidence. H a r t l e p o c l s and D a r l i n g t o n , 
however, r e t u r n r e l a t i v e l y low S.M.RJs. 
A considerable number of environmental and genetic f a c t o r s have 
been put forward t o expl a i n the geographical v a r i a t i o n of carcinoma of 
the stomach. However, as y e t no s i n g l e f a c t o r has gained general accep-
tance as the probable causative agent (Maddock, 1966) . Nevertheless, the 
f i n d i n g s of Wi n k e l s t e i n and Kantor (1969) t h a t there i s a p o s i t i v e cor-
r e l a t i o n between the incidence of stomach cancer and p a r t i c u l a t e a i r 
p o l l u t i o n may w e l l be shown t o have a bearing on the s i t u a t i o n i n County 
Durham. This i s p a r t i c u l a r l y t r u e , i n the case of male m o r t a l i t y , where 
the area of highest m o r t a l i t y - South Tyneside - coincides w i t h the area 
of heaviest smoke p o l l u t i o n . 
9«5» Cancer of the Lung and Bronchus 
Lung cancer i s i n v a r i a b l y more prevalent amongst men, which tends 
t o suggest a p h y s i o l o g i c a l d i f f e r e n c e r a t h e r than an e f f e c t of e n v i r o n -
ment. I n County Durham, the disease category accounted f o r 7«8 and 1 . 4 
per cent of the t o t a l deaths f o r males and females r e s p e c t i v e l y d u r i n g 
the f i v e - y e a r period under c o n s i d e r a t i o n . An 5.M.R. o f 114 f o r males 
i n d i c a t e d the incidence f o r the county was s u b s t a n t i a l l y above t h a t f o r 
England and Wales, w h i l s t a corresponding f i g u r e of 95 f o r females i n d i -
cated a s l i g h t l y lower l e v e l of m o r t a l i t y . 
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V/hen the geographical d i s t r i b u t i o n of the disease i s analysed 
w i t h i n the county, the s i t u a t i o n i s seen t o be s i m i l a r t o the one 
already seen i n the case of stomach cancer, although not q u i t e so 
s t r a i g h t f o r w a r d . I n p a r t i c u l a r , the same west t o east gradient i s 
apparent f o r both sexes ( f i g u r e s 9 .3« and 9 ^ 4 . ) . 
I n the case of males, the zones of heaviest p a r t i c u l a t e a i r 
p o l l u t i o n correspond t o the areas of highest incidence - namely, 
Tyneside, H a r t l e p o o l and North Teesside. Stocks ( 1966) , i n h i s e p i -
demiological studies on lung cancer, noted the considerable r u r a l - u r b a n 
d i f f e r e n c e s w i t h i n the Northern Region i n respect t o t h i s disease. 3y 
e l i m i n a t i n g the d i f f e r e n t i a l e f f e c t s of smoking and s o c i a l c l a s s , i t was 
concluded t h a t " at ages over 45 the h i g h urban r a t i o s f o r l u n g cancer 
are i n e x p l i c a b l e apart from a i r p o l l u t i o n " (p.6 1 3 ) . 
An i n t e r e s t i n g anomaly t o t h i s i s provided by the Easington and 
Seaham areas, which experienced s u r p r i s i n g l y low m o r t a l i t y r a t i o s ( l e s s 
than 70)• However, t h i s phenomenon could w e l l be explained i n terms of 
the p a r t i c u l a r importance of coal-mining w i t h i n thi3-area. As Ashley 
(1968) comments, "The frequency of death from carcinoma of the l u n g i s 
lower i n workers i n the coal-mining i n d u s t r y than i n other groups of 
men of comparable age." I t i s postulated t h a t the e f f e c t s of f i b r o s i s 
i n the l u n g associated w i t h the mining disease pneumoconiosis could w e l l 
a c t as a 'defence mechanism1 against the i n c u r s i o n of D.ung cancer. 
For females, the area of highest incidence i s l o c a t e d i n the extreme 
north-east of the county, and centred on South Shields and Sunderland, 
w i t h a more minor concentration i n North Teesside. 
9 . 6 . Leukaemia and Aleukaemia 
Although leukaemia may be considered one of the more minor causes 
of death - accounting f o r l e s s than one h a l f per cent of a l l deaths - the 
Figures 9 » 5 . and 9 « 6 . M o r t a l i t y from s p e c i f i c categories 
of r e s p i r a t o r y disease, 1963-67- (Standardised m o r t a l i t y 
r a t i o s f o r groups of l o c a l a u t h o r i t y areas; County Durham 
= 100. ) 
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incidence of the disease appears t o be in c r e a s i n g q u i t e d r a m a t i c a l l y 
at the present time, p a r t i c u l a r l y i n the w e a l t h i e r and more advanced 
areas of the world (Dowsett 1 9 6 6 ) . I n t h i s connection i t i s perhaps 
i n t e r e s t i n g t o note t h a t County Durham experienced a s i g n i f i c a n t l y 
lower incidence o f the disease than other more prosperous areas of the 
country. The S.M.R. f o r males was 89, w h i l e f o r females the f i g u r e 
was $0. 
The geographical v a r i a t i o n of the disease w i t h i n the county 
( f i g u r e s 9«3« and 9*4 . ) i n d i c a t e s an e s s e n t i a l s i m i l a r i t y i n the d i s t r i -
b u t i o n f o r both sexes. I n p a r t i c u l a r , the more h e a v i l y i n d u s t r i a l i s e d 
areas of the county - namely South Tyneside, Nearside and Hartlepoolr, -
w i t h l e s s a t t r a c t i v e s o c i a l environments, e x h i b i t s u b s t a n t i a l l y lower 
S.M.R.'s than the average. 
I n the case of male m o r t a l i t y , the area of highest incidence i s 
loc a t e d i n a north-south b e l t , from Gateshead i n the n o r t h t o D a r l i n g t o n 
R.D. i n the south. For females, the County Borough of D a r l i n g t o n had 
the highest l e v e l of m o r t a l i t y (S.M.R. 1 5 l ) , although the_greater p a r t 
o f c e n t r a l and western Durham also displayed above-average r a t i o s (over 
110). 
9 . 7 . B r o n c h i t i s 
As i n the case of lung cancer, b r o n c h i t i s i s a f a r more s i g n i f i c a n t 
cause of death among men than women. I n County Durham, du r i n g the f i v e -
year period under c o n s i d e r a t i o n , the disease accounted f o r 8 .7 per cent 
of the t o t a l number of male deaths, and only 3»7 per cent o f the female 
deathso 
Compared w i t h the r e s t of England and Wales, County Durham's 
experience was s u b s t a n t i a l l y worse than the n a t i o n a l average, w i t h S.M.R.1 
of 120 and 123 f o r men and wonen r e s p e c t i v e l y . This appeared t o be con-
s i s t e n t w i t h the f i n d i n g s of Ashley (1967) t h a t the r o l e of b r o n c h i t i s 
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as a cause of death appeared t o be enhanced " i n those areas of the 
country i n which coal-mining and the t e x t i l e i n d u s t r i e s are concen-
t r a t e d 1 . 
W i t h i n the county ( f i g u r e s 9»5» and 3.6.), Tyneside was seen t o 
be prominent i n both maps. I n the case of males, Gateshead c o n s t i t u t e d 
the area of maximum m o r t a l i t y , w i t h c e n t r a l Tyneside, and the Easington 
and Seaham areas also d i s p l a y i n g above-average m o r t a l i t y . On the other 
hand, much of the north-west and west of the county, together w i t h 
n o r t h Teesside, experienced below-average m o r t a l i t y r a t i o s . For females, 
the s i t u a t i o n was s u b s t a n t i a l l y d i f f e r e n t . C e n t r a l Tyneside appeared as 
the area of highest incidence, w i t h V/earside, H a r t l e p o o l and D a r l i n g t o n 
a l s o shov/ing a tendency towards h i g h l e v e l s of m o r t a l i t y . I n c o n t r a s t , 
n o r t h Teesside once again e x h i b i t e d a s u r p r i s i n g l y low S.M.r.. 
The r e l a t i o n s h i p between b r o n c h i t i s and p a r t i c u l a t e a i r p o l l u t i o n 
has already been w e l l documented by a l a r g e number of workers, such as 
Daly (1959) and Pemberton and Goldberg (1954)• This r e l a t i o n s h i p appears 
t o have a considerable relevance t o the s i t u a t i o n i n County_Durhara, where 
the areas o f highest m o r t a l i t y from b r o n c h i t i s seem t o correspond remark-
a b l y w e l l w i t h the zones of heaviest atmospheric p o l l u t i o n . 
9 . 8 . Pneumonia and Broncho-Pneumonia 
Death from t h i s cause may r e s u l t from e i t h e r a primary i n f e c t i o n 
of pneumonia, or as a secondary complication of a number of other d i s -
o r ders. I n the case of women, pneumonia i s the most important cause o f 
death of a l l r e s p i r a t o r y diseases, accounting f o r approximately 6.5 per 
cent of t o t a l deaths. For men, i t ranks t h i r d ( a f t e r b r o n c h i t i s and l u n g 
cancer) w i t h a share of approximately 5 » 5 p e r cent of a l l deaths. During 
the period 1963-67, County Durham as a whole recorded S.M.R.'s of 111 and 
108 f o r males and females r e s p e c t i v e l y , i n d i c a t i n g an excess of m o r t a l i t y 
i n the order of 10 per cent over the n a t i o n a l mean. 
o n o 
f j u w 
An a n a l y s i s of the s i t u a t i o n w i t h i n the county ( f i g u r e s 9 » 5 . and 
9 . 6 . ) reveals an o v e r a l l nest to east t r e n d i n the d i s t r i b u t i o n , as in 
the case of stomach cancer discussed above. For males the whole of the 
western p o r t i o n of Durham, together w i t h c e n t r a l Tyneside, experienced 
S.K.R.'s 30 per cent or more belo?/ the county mean. Wearside and the 
south-east r u r a l d i s t r i c t s on the other hand had m o r t a l i t y r a t i o s con-
si d e r a b l y above the county mean (130 and o v e r ) . 
Female m o r t a l i t y from pneumonia displayed a s i m i l a r s p a t i a l 
v a r i a t i o n , although the p a t t e r n was not so w e l l - d e f i n e d us i n the case 
of males. The whole of Southern Tyneside and north-west Durham, together 
w i t h the south-west urban areas of the county, represented the main areas 
of low m o r t a l i t y , w h i l s t a contiguous area i n the east, extending from 
Wearside i n the n o r t h t o D a r l i n g t o n R.D. i n the south, c o n s t i t u t e d the 
major zone of high m o r t a l i t y r a t i o s . . 
9«9« Other R e s p i r a t o r y Disease 
Although the number of deaths i n t h i s r e s i d u a l category represents 
but a small f r a c t i o n o f the t o t a l m o r t a l i t y from r e s p i r a t o r y disease, 
the geographical v a r i a t i o n of m o r t a l i t y w i t h i n County Durham ( f i g u r e s 9»5« 
and 9 » 6 . ) was deemed t o warrant f u r t h e r comment. 
I n complete c o n t r a s t t o the other r e s p i r a t o r y diseases already 
considered, male m o r t a l i t y from t h i s cause was seen t o be high i n the 
west and north-west areas of the county, and s u r p r i s i n g l y low i n much of 
Tyneside, and south-east Durham. For females, a s i m i l a r although l e s s 
d i s t i n c t p a t t e r n was d i s c e r n i b l e . The south-east of the county had 
S.M.R.'s over 30 per cent above the mean, w h i l s t the western r u r a l areas 
also showed a marked excess of m o r t a l i t y . Once again, the more p o l l u t e d 
areas of the county t o the n o r t h and east recorded s u r p r i s i n g l y low 
l e v e l s o f m o r t a l i t y - r a r t i c u l a r l y 7/earside w i t h an'S.M.R. of only 66. 
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I t would t h e r e f o r e appear t h a t a more s o p h i s t i c a t e d a e t i o l o g i c a l 
mechanism than mere a i r p o l l u t i o n would have t o be invoked t o e x p l a i n 
these r a t h e r anomalous pat t e r n s produced by t h i s supposed ' r e s i d u a l ' 
category c f r e s p i r a t o r y diseases. 
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Chapter 10 ' 
Conclusion 
Although the more important f i n d i n g s and r e s u l t s have been 
discussed i n some d e t a i l a t the end of i n d i v i d u a l chapters, i t i s 
perhaps u s e f u l t o summarise here these main conclusions i n ordex* t o 
view them i n the context of the study as a whole. At the same time, 
the i n i t i a l aims and o b j e c t i v e s of the t h e s i s , o u t l i n e d i n Chapter 1, 
are now here reassessed i n the l i g h t of subsequent research e x p e r i -
ence. I t i s moreover possible t o evaluate the s i g n i f i c a n c e and 
measure of success of the study bearing i n mind the numerous d i f f i -
c u l t i e s t h a t were encountered i n c a r r y i n g out the research programme,, 
I t had o r i g i n a l l y been proposed t o attempt a comprehensive 
survey of the medical geography f o r the whole of North-East England, 
comprising the geographical counties of Northumberland, Durham and 
the North Riding of Y o r k s h i r e . I t was soon r e a l i s e d , however, t h a t 
t h i s would prove "to be completely i m p r a c t i c a b l e because of the 
l i m i t a t i o n s of b o t h time and resources. As a r e s u l t , a compromise 
s o l u t i o n was accepted whereby County Durham was adopted as the study 
area. This enabled a more d e t a i l e d approach t o be made f o r a wider 
range of m o r b i d i t y and m o r t a l i t y experience, but over a much smaller 
study area t e r r i t o r i a l l y . Nevertheless, t h i s process of r a t i o n a l i s a -
t i o n does not appear t o have had a p r o p o r t i o n a l e f f e c t upon the 
v a l i d i t y or relevance of the r e s u l t a n t survey, since, as has been 
pointed out i n s e c t i o n 1.5» supra, County Durham embraces most of the 
environmental f a c e t s which c h a r a c t e r i s e the North East as a whole. 
I n approaching the f i e l d of medicine f o r the f i r s t t i m e , the 
geographer i n v a r i a b l y experiences a sense of uneasiness. This stems 
p a r t l y from a t o t a l u n f a m i l i a r i t y w i t h the subject matter and a s s o c i -
ated vocabulary, and p a r t l y from a sudden awareness of the enormity 
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of the f i e l c l , encompassing as i t does not only disease epidemiology, 
but also the r e l a t e d t o p i c s of the l o c a t i o n , p r o v i s i o n and spheres of 
i n f l u e n c e of h o s p i t a l s and associated medical f a c i l i t i e s . This l a t t e r 
c o n s i d e r a t i o n may be conveniently coped w i t h by e x e r c i s i n g a measure 
of s e l e c t i v i t y i n the i n i t i a l choice of t o p i c s f o r i n v e s t i g a t i o n . 
I n undertaking research f o r the present t h e s i s i t was soon r e a l i s e d 
t h a t i t would only be possible t o consider a very l i m i t e d number of 
aspects of the m o r b i d i t y and m o r t a l i t y p a t t e r n . However t h i s d i d not 
solve the other problem which arose from an u n f a m i l i a r i t y w i t h the 
o v e r a l l f i e l d of medicine. Indeed a considerable amount of time was 
consumed during the i n i t i a l stages of the research i n background 
reading so t h a t the more fundamental concepts and t h e o r i e s of the d i s c i -
p l i n e could be grasped. I n a d d i t i o n the study of each d i f f e r e n t disease 
category demanded a systematic search f o r a t o t a l l y new set of b i b l i o -
graphic references t o provide a s u i t a b l e framework of basic medical 
i n f o r m a t i o n w i t h which t o approach the study„ I n the case of tubercu-
l o s i s f o r example, approximately 200 references were i n i t i a l - l y s i f t e d 
during the p r e l i m i n a r y stages of enquiry. Quite obviously, i n most 
cases only a very l i m i t e d number of key references provided the necessary 
framework f o r the study, but t h i s d i d not e f f e c t i v e l y reduce the amount 
of preparatory work i n v o l v e d . At the same time, a p r e l i m i n a r y search 
f o r data revealed the existence of a number of p r o l i f i c sources, many 
of them unpublished, which so f a r do not appear t o have been s e r i o u s l y 
considered by the geographer. This discovery l e n t added purpose and 
i n c e n t i v e t o the study. 
Disease mapping a t the county scale proved g e n e r a l l y successful 
and rewarding. I n many cases marked s p a t i a l anomalies i n the disease 
p a t t e r n , which could hardly have been d i s t i n g u i s h e d a t the n a t i o n a l 
l e v e l , were r e a d i l y i d e n t i f i a b l e , and could be subjected t o more 
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I n t e n s i v e study. The a n a l y s i s o f suspected food poisoning cases a t 
Consett i s a case i n p o i n t . Nevertheless, mapping a t t h i s scale d i d 
present a number of problems; the c h i e f of which was associated w i t h 
the c o n f l i c t which arose between the d e s i r a b i l i t y of mapping a t the 
smallest a r e a l u n i t and the need t o r e t a i n s t a t i s t i c a l s i g n i f i c a n c e 
and meaningfulness i n the r e s u l t a n t p a t t e r n s . 
The geographical i n v e s t i g a t i o n of m o r t a l i t y a t t h i s i ntermediate 
scale proved t o be s u b s t a n t i a l l y l e s s s a t i s f a c t o r y than a t the n a t i o n a l 
l e v e l (see f o r example Howe 1970a) . This was due t o the r e l a t i v e l y small 
number of deaths recorded f o r many disease categories even f o r a f i v e 
year p e r i o d . As a r e s u l t i t was found necessary t o compound the 
m o r t a l i t y f i g u r e s from some of the smaller l o c a l a u t h o r i t i e s i n t o con-
s o l i d a t e d areas, although t h i s tended, t o reduce the a r e a l s e n s i t i v i t y 
of the r e s u l t a n t patterns i n an e f f o r t t o r e t a i n s t a t i s t i c a l s i g n i f i c a n c e . 
At the same time, i n c r e a s i n g m o b i l i t y of the p o p u l a t i o n a t r i s k , 
coupled w i t h the complexity o f causation i n t h e case of most degenera-
t i v e d i s o r d e r s , makes subsequent a n a l y s i s and i n t e r p r e t a t i o n of the 
r e s u l t a n t p a t t e r n s extremely u n c e r t a i n . Indeed, attempts a t more sophis-
t i c a t e d synthesis of the standardised m o r t a l i t y r a t i o s f o r the l o c a l 
a u t h o r i t y areas of County Durham were f r u s t r a t e d . Simple and m u l t i p l e 
c o r r e l a t i o n techniques as w e l l as f a c t o r a n a l y s i s were employed w i t h 
only a l i m i t e d measure of success. For t h i s reason, only the broad 
pat t e r n s of m o r t a l i t y are mapped and discussed i n Chapter 9 . N o t w i t h -
standing these l i m i t a t i o n s , however, some i n t e r e s t i n g s p a t i a l p a t t e r n s 
d i d emerge from the study o f m o r t a l i t y , p a r t i c u l a r l y i n the case of 
vascular l e s i o n s , cancer of the stomach, cancer of the lung and also 
b r o n c h i t i s . 
I n c o n t r a s t , the mapping of m o r b i d i t y a t the county or intermediate 
scale proved t o be s u b s t a n t i a l l y more p r o f i t a b l e , despite the previous 
experience of such workers as Howe who has s t a t e d t h a t m o r b i d i t y mapping, 
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although d e s i r a b l e , i s not p r a c t i c a b l e under present circumstances 
"since there are no data a v a i l a b l e on a n a t i o n a l ba s i s f o r p l o t t i n g " 
(Howe 1970b). And Stamp (1964:18) comments t h a t " i t i s f a r more 
d i f f i c u l t t o co n s t r u c t m o r b i d i t y maps Jthar. t h o s e j f o r m o r t a l i t y . " I t 
i a of course t r u e t h a t a considerable number of maps were constructed 
d u r i n g the p r e l i m i n a r y stages i n the i n v e s t i g a t i o n o f m o r b i d i t y which 
d t j f i e d r a t i o n a l explanation or i n t e r p r e t a t i o n . These were subsequently 
abandoned i n favour of maps f o r those disease categories which were 
regarded as more promising from a geographical p o i n t of view. I t i s 
also t r u e t h a t by v i r t u e of the l i m i t e d range of diseases which are 
o f f i c i a l l y n o t i f i a b l e , the i n i t i a l choice i s somewhat r e s t r i c t e d . 
Nevertheless, the r e s u l t s obtained from the i n d i v i d u a l studies o f both 
measles and t u b e r c u l o s i s suggested t h a t t h i s type of approach was worth-
w h i l e , and t h a t there was i n f a c t a vast store of o f f i c i a l m o r b i d i t y 
s t a t i s t i c s , b o th published and unpublished, t h a t c r i e d out f o r a n a l y s i s 
by the geographer. 
During the i n i t i a l stages of the research, programme a number- of 
cartographic techniques were devised t o a s s i s t i n the p a r t i c u l a r t ask 
of disease mapping. The most important of these was the demographic map 
f o r County Durham, a type of cartogram which has been employed through-
out t h i s t h e s i s i n c o n j i m c t i o n w i t h the more f a m i l i a r chorographic base. 
The necessity f o r i n c o r p o r a t i n g such a demographic perspective i n t h i s 
type of study may be j u s t i f i e d i n terms of the medical geographer's con-
cern w i t h the 'population a t r i s k 1 and not merely w i t h the a r e a l extent 
and shape of the l o c a l d i s t r i c t s being mapped. Very o f t e n the quantum 
of disease - i . e . the absolute number of deaths or n o t i f i c a t i o n s - i s 
an e q u a l l y s i g n i f i c a n t dimension of the disease p a t t e r n as i n t e n s i t y of 
i n f e c t i o n , u s u a l l y expressed as the number o f cases per u n i t of popula-
t i o n . This i s p a r t i c u l a r l y r e l e v a n t i n the case of County Durham, where 
the extensive y e t sparsely populated r u r a l d i s t r i c t s i n the west of the 
2 6 9 
County tend t o dominate the conventional chorographic base map a t the 
expense of the a r e a l l y more compact ux'ban areas t o the east, which 
con t a i n the bulk, of the County's p o p u l a t i o n . 
The concept of the demographic perspective v/as taken a stage 
f u r t h e r i n the c o n s t r u c t i o n of the 'epidemograph 1 ; a ph y s i c a l model 
developed p r i n c i p a l l y i n an e f f o r t t o reduce the time taken i n hand-
mapping the l a r g e number of disease maps. At the same ti m e , i t v/as 
hoped t h a t t h i s technique would help t o reduce the somewhat misleading 
v i s u a l impression created by choroplething f o r a set of d i s c r e t e class 
i n t e r v a l s . 
The computer has also had an inva l u a b l e r o l e t o p l a y i n the pre-
p a r a t i o n of t h i s t h e s i s . Indeed i t may be s a i d t h a t w i t h o u t such 
assistance i t would have been impossible t o t a c k l e the sheer b u l k of 
data i n v o l v e d , or t o undertake the subsequent manipulation and computa-
t i o n of the s t a t i s t i c s . Tho c o n t r i b u t i o n made by the computer may be 
conveniently d i v i d e d i n t o three main areas: f i r s t l y , computer graphics; 
secondly, basic h a n d l i n g , checking and storage of data; a n d - t h i r d l y 
r a p i d s t a t i s t i c a l c a l c u l a t i o n . 
Disease mapping by computer enables the geographer t o o b t a i n a 
r a p i d v i s u a l r e p r e s e n t a t i o n o f a r e a l s t a t i s t i c s , w i t h o u t r e s o r t t o 
la b o r i o u s hand-shading. I t was found t h a t t h i s method had a p a r t i c u l a r 
a p p l i c a t i o n t o the study of the s p a t i a l d i f f u s i o n o f epidemic diseases 
such as measles, where a whole series of d i s t r i b u t i o n maps might be 
requ i r e d t o represent the spread of disease a t r e g u l a r time i n t e r v a l s . 
Although the p a r t i c u l a r computer programme described i n Chapter 3 was 
s p e c i f i c a l l y devised f o r the mapping of disease i n County Durham, i t may 
be conveniently adapted f o r use i n mapping any number of d i f f e r e n t para-
meters f o r any given area. For example, the technique has already been 
s u c c e s s f u l l y a p p l i e d t o the p l o t t i n g of demographic and socio-economic 
parameters f o r the I r a n i a n c i t y of Isfahan (Power, personal communication). 
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The second major a p p l i c a t i o n of the computer l a y i n the 
pr e l i m i n a r y h andling, manipulation and storage of l a r g e data sets. 
This was p a r t i c u l a r l y important i n Section I I I , which was concerned 
w i t h m o r t a l i t y , where f o r the f i v e year r e r i o d under consideration. 
(1963-67) i t was necessary t o t r a n s c r i b e a t o t a l of approximately 
175j000 items of data from the o f f i c i a l records of the county and 
l o c a l h e a l t h departments. These data were subsequently t r a n s f e r r e d 
t o computer cards. During t h i s double process a number of copying 
and punching e r r o r s were i n e v i t a b l y i n t r o d u c e d . A simple computer 
programme was t h e r e f o r e w r i t t e n t o d e t e c t such e r r o r s by a process of 
cross-checking a l l the a d d i t i o n s f o r i n d i v i d u a l columns and rows w i t h 
t h e i r r e spective s u b - t o t a l s . When a l l such e r r o r s had been e l i m i n a t e d , 
nn appropriate p r i n t out of the data was obtained f o r reference 
purposes, and then the complete data bank was placed on t o magnetic 
tape. I n t h i s l a t t e r form, the t o t a l m o r t a l i t y experience f o r County 
Durham f o r the f i v e year period could be read i n t o the computer in. 
under two. minutes, and i n d i v i d u a l items -of data-could be-accessed i n a -
matter of seconds. Quite obviously t h i s obviated the need f o r p r o t r a c t e d 
and l a b o r i o u s data a b s t r a c t i o n by hand f o r each new set of s t a t i s t i c a l 
c a l c u l a t i o n s . 
Notwithstanding the importance of the above a p p l i c a t i o n s of the 
computer t o the present study, the most s i g n i f i c a n t c o n t r i b u t i o n was 
e f f e c t e d i n the area of s t a t i s t i c a l computation. I n i t s simplest form 
t h i s consisted of c a l c u l a t i n g n o t i f i c a t i o n or case r a t e s f o r the n o t i -
f i a b l e diseases such as measles and t u b e r c u l o s i s . More s o p h i s t i c a t e d 
computer programmes were w r i t t e n t o compute c e n t r o i d s , c h i squares, 
c o e f f i c i e n t s of c o r r e l a t i o n and standardised m o r t a l i t y r a t i o s (by the 
d i r e c t method of s t a n d a r d i s a t i o n ) . I n the case of the m u l t i p l e r e g r e s -
sion programme, u t i l i s e d i n the i n v e s t i g a t i o n o f t u b e r c u l o s i s (Chapter 5) 
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and the f a c t o r a n a l y s i s programme which was a p p l i e d unsuccessfully t o 
the a n alysis of m o r t a l i t y , e x i s t i n g sub-routines ( a v a i l a b l e i n the IBM 
s t a t i s t i c a l package) were adapted and incorporated i n t o s u b s t a n t i a l l y 
new programmes. 
Without the a i d of such computer techniques the b u l k of the 
s t a t i s t i c a l computation r e f l e c t e d i n the r e s u l t s of t h i s t h e s i s could 
not have been attempted i n the time a v a i l a b l e . I n p a r t i c u l a r the manual 
c a l c u l a t i o n of the standardised m o r t a l i t y i*atios by the d i r e c t Eethod 
of s t a n d a r d i s a t i o n would have proved impossible, and i n the case of 
t u b e r c u l o s i s , the depth of analysis would have had t o bo s u b s t a n t i a l l y 
reduced. Nevertheless, i t should not be imagined t h a t the a p p l i c a t i o n 
of r a p i d data handling and q u a n t i t a t i v e techniques t o geographical 
studies of t h i s type can of themselves y i e l d fundamental hypotheses or 
t h e o r i e s . Mathematical manipulation can provide only the means and not 
the end. " I n t e r p r e t a t i o n " , ^ o o d a l l (1952:195) i n s i s t s " i s s t i l l a process 
of the mind and w h i l e q u a n t i t a t i v e d e s c r i p t i o n s nay g r e a t l y f a c i l i t a t e 
or even guide these mental processes, they cannot replace them." _ 
Although no major or s t a r t l i n g medical r e v e l a t i o n s have been made 
as a r e s u l t of t h i s p a r t i c u l a r research programme, the study has never-
t h e l e s s suggested a number of promising hypotheses, worthy of f u r t h e r 
i n v e s t i g a t i o n . At the county l e v e l , atmospheric p o l l u t i o n emerged as a 
possible a e t i o l o g i c a l f a c t o r i n the a c t u a l i n i t i a t i o n or ' t r i g g e r i n g ' of 
i n d i v i d u a l measles epidemics. This may be regarded as being c o n s i s t e n t 
w i t h the f i n d i n g s of Papp (1956) t h a t the measles v i r u s enters an 
i n d i v i d u a l through the s t r u c t u r e of the eye and not v i a the r e s p i r a t o r y 
t r a c t as o r i g i n a l l y - thought. With a s i g n i f i c a n t increase i n the l e v e l s 
of atmospheric p o l l u t i o n , an aqueous discharge from the eye would be 
evoked i n the susceptible p o p u l a t i o n , thereby p r o v i d i n g a very favourable 
environment f o r e f f e c t i v e t r a n s f e r t o take place, p a r t i c u l a r l y i n the 
i n i t i a l phases of e p i d e m i c i t y when 'seeding' may be regarded as an important 
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prerequis i teo A l t e r n a t i v e l y , a s i g n i f i c a n t r i se i n atmospheric 
p o l l u t i o n would e l i c i t a higher incidence of other respira tory diseases, 
which >vould thereby lower the resistance of the susceptible population 
to measles. 
At the l o c a l l e v e l , de ta i led mapping revealed an in te res t ing 
d i s t r i b u t i o n of suspected food poisoning cases i n Consett, during the 
winter period 1964-65. I n pa r t i cu l a r , the spa t i a l d i s t r i b u t i o n of 
those cases f o r which a substantive cause had net been established 
suggested that the large i r o n and s teel works i n the south-west of the 
urban d i s t r i c t was i n some way responsible. Indeed, f u r t h e r analysis 
of atmospheric p o l l u t i o n records f o r the relevant period supported the 
hypothesis that so l i d po l lu tan t s , and most probably the ubiquitous red 
i ron ore dust, were act ing as a s i g n i f i c a n t a e t i o l o g i c a l f ac to r i n 
promoting t h i s excess of stomach disorders. Furthermore, i t i s perhaps 
in te res t ing to note that subsequent inves t iga t ion of the contemporary 
records of suspected food poisoning and dysentery f o r Scunthorpe, another 
i r o n and steel town,, revealed-an almost i d e n t i c a l seasonal d i s t r i b u t i o n 
of cases, which contrasted sharply wi th the regime f o r Sngland and Wales 
as a whole. Of course i t i s real ised that without more deta i led know-
ledge of the pa r t i cu la r environmental circumstances of Scunthorpe, and 
a more care fu l inves t iga t ion of the spa t i a l d i s t r i b u t i o n of cases w i t h i n 
the town, i t i s perhaps unwise to draw more than ten ta t ive para l le l s 
w i t h the Consett s i t u a t i o n . Nevertheless t h i s type of evidence did 
appear to lend added weight to the hypothesis tha t i r on ore dust could 
w e l l be implicated i n the promotion of pa r t i cu l a r types of i l l - d e f i n e d 
stomach disorders. 'A copy of a paper se t t ing out the major f ind ings of 
the Consett study was requested by the M.P. f o r North-west Durham, 
Mr. David Watkins, and the matter was subsequently raised i n the House 
of Commons on 3 February 1970 i n a parliamentary debate on smokeless 
27 3 
zones and po l lu t ion* Considerable comment and discussion was also 
generated i n the l o c a l press and radio as a resu l t of a paper presented 
at the Durham meeting of the B r i t i s h Association f o r the Advancement of 
Science (Young 1970). I t i s hoped that t h i s study may indeed const i tu te 
"an important piece of evidence i n the b a t t l e against the very serious 
p o l l u t i o n which arises from the s teel works i n Consett" (V'atkins 1970 ) . 
Apart from the l i m i t e d number of somewhat unexpected f ind ings 
which emerged from the present study, most of the resul ts and conclusions 
tended to concur very favourably wi th established epidemiological theory. 
I n the case of measles, parameters of l i v i n g density were shown to exert 
a s i g n i f i c a n t influence i n determining i n t ens i t y of i n f e c t i o n as w e l l as 
the d i f f u s i o n patterns f o r pa r t i cu la r epidemic cycles. '.Vhersas the major 
urban areas of the County (and especially south Tyneside an ' Wearside) 
were shown to be the i n i t i a t o r s of epidemicity, i t was the smaller 
nucleated settlements of central and south-west Durham that emerged as 
s i g n i f i c a n t reservoir areas f o r the disease during the interepidemic 
periods. This l a t t e r f a c t has subsequently been corroborated by the 
more loca l i sed study of measles i n the Sunderland area by Harper ( l97 l ) -
I n the case of tuberculosis , parameters of l i v i n g density and 
p a r t i c u l a r l y overcrowding were once again invoked to explain the broader 
patterns of morbidi ty . This could be explained pa r t ly i n terms of the 
greater chance of e f f e c t i v e contact taking place between the ' c a r r i e r ' 
and the susceptible where l i v i n g densit ies are h i g h o A l t e r n a t i v e l y , the 
existence of high l i v i n g densit ies (and p a r t i c u l a r l y a high percentage of 
the population l i v i n g i n overcrowded conditions) might merely r e f l e c t the 
presence of poor l i v i n g conditions favouring the perpetuation and e f f e c t i v e 
transmission of the tubercle b a c i l l u s . Indeed subsequent analysis revealed 
( l ) House of Commons ( O f f i c i a l Report) Parliamentary Debates f o r Tuesday, 
3rd Fehruary 1970. Hansard Vol . " 793 (No. f j l ) columns 319-322. 
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that whereas factors associated w i t h l i v i n g density could be held to 
explain the broader patterns of morbidi ty, the influence of socio-
economic status and i n f e r i o r housing conditions appeared to bo extremely 
important at the l o c a l l e v e l . 
However, a more detai led analysis of respi ra tory tuberculosis i n 
south central Tyneside revealed a rather surpr i s ing anomaly to t h i s 
theore t ica l model. For whereas tho disease had o r i g i n a l l y been p a r t i -
cu la r ly prevalent i n the worst areas of nineteenth century terraced 
housing (Bradbury 1933) a substant ial migrat ion of the disease had taken 
place during the Second World War. This had apparently occurred as a 
d i rec t resu l t of the rehousing of a substant ial number of tuberculous 
f ami l i e s to modern estates on the outsk i r t s of the ex i s t i ng urban cores, 
necessitated by the comprehensive programme of urban renewal carr ied out 
during the l a t e 1950's and early 1960 's. In the case of Jarrow M.B., 
there was i n f a c t a s t a t i s t i c a l l y s i g n i f i c a n t excess of cases recorded 
i n the modern housing estates. This tended to suggest that slum clearance 
alone could not provide~an immediate o"r complete so lu t ion to the tuber-
culosis problem. . By v i r t ue of i t s insidious nature the disease could 
w e l l be expected to take a considerable period of time to respond to 
these dramatic improvements i n the social environment of the area. 
Section I I I concerned wi th the m o r t a l i t y patterns of County Durham 
emphasised two main points . F i r s t l y , the m o r t a l i t y experience f o r 
County Durham was poor by. comparison with, the rest of England and Wales, 
w i t h the notable exception of Leukaemia, and female mor t a l i t y from cancer 
of the lung and bronchus. Cancer of the stomach emerged as the most 
s i g n i f i c a n t cause of death i n t h i s respect, w i t h S.I«!.R. 's f o r males 
and females 36 and Zj-3 per cent above the nat ional average, respect ively. 
M o r t a l i t y from vascular lesions of the centra l nervous system; b ronch i t i s ; 
and angina and coronary disease f o r males was 20-30 per cent higher i n 
County Durham than f o r England and Wales; w h i l s t death rates f o r 
27 5 
pneumoniaj angina and coronary disease f o r females, and cancer of the 
lung and bronchus f o r males were 10-20 per cent higher. Secondly, the 
spa t ia l va r i a t ion of the S.M.R.'s w i t h i n County Durham was found to be 
almost as large as between ind iv idua l counties at the na t ional scale. 
Indeed, most i f not a l l of the mor t a l i t y maps presented i n Chapter 9 
demonstrated substant ial var ia t ions i n mor t a l i t y experience between 
i n d i v i d u a l l o c a l au thor i t i es or 'consolidated areas ' . This was pa r t i cu -
l a r l y true of deaths a t t r ibu tab le to vascular lesions of the centra l 
nervous system, where S.M.R.'s f o r a number of l o c a l au thor i ty areas 
i n the west of the County were up to 80$ higher than the average f o r 
County Durham. I n t h i s case, dif ferences i n the hardness of domestic 
water supplies were thought to play a s i g n i f i c a n t role i n promoting 
these spa t i a l anomalies. At '•he nat ional l e v e l , i n the United States 
and Great B r i t a i n , an inverse re la t ionship was claimed between hardness 
of water supply and mor t a l i t y levels from cardio-vascular disease 
(Schroeder 1960, Morris et a l I 9 6 I ) . However, a more recent study at 
the l o c a l scale (Lindeman and Assenzo 1964)- tended to favour a pos i t ive 
re la t ionsh ip between these two fac tors - i . e . high mor t a l i t y rates from 
cardio-vascular disease are associated w i t h areas of hardest water 
supplies. The evidence f o r County Durham would tend to support the 
l a t t e r hypothesis. I n the case of m o r t a l i t y from lung cancer, b r o n c h i t i s , 
high rates were recorded i n the main urban areas of the County, and 
here atmospheric p o l l u t i o n was c i t ed as probably the most s i g n i f i c a n t 
a e t i o log i ca l f a c t o r . This i s consistent w i th previous studies undertaken 
by such workers as Daly (1959)- Furthermore, the work of Winkelstein 
and Kantor (1969) suggested that t h i s same f a c t o r might also be having 
a s i g n i f i c a n t influence on the mor t a l i t y patterns f o r cancer of the 
stomach, p a r t i c u l a r l y i n the case of males. 
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"There i s no doubt that the special techniques employed by the 
geographer .would be of great assistance i n the study of broad regional 
patterns ( o f disease) w i t h i n which detai led sampling might be carr ied 
out ," (Banks 1959:204). I t i s the role of the geographer to record 
the fac ts accurately on maps; to analyse the resul tant d i s t r i b u t i o n a l 
patterns; and then to propose what appear to him to be v a l i d hypotheses. 
I n undertaking the present study i t has generally been possible to 
provide an answer to the question 'where?' by means of basic mapping 
of disease pa t t e rns„ However, i n only a few cases has i t proved 
feasible to answer the f u r t h e r question 'why?' w i th any degree of 
ce r t a in ty . Moreover, the constraints of time have meant that the 
present inves t iga t ion has only been able to scratch the surface of 
such a wide topic encompassed by the t i t l e 'medical geography 1, even 
f o r such a r e l a t i v e l y r e s t r i c t ed study area as County Durham. 
Notwithstanding these inherent d i f f i c u l t i e s , the study d id 
provide an opportunity of demonstrating the type of cont r ibu t ion that 
the geographer i s capable of making to the overa l l f i e l d of medicine, 
p a r t i c u l a r l y at the intermediate scale of i n q u i r y . In add i t ion , the 
inves t iga t ion has brought to l i g h t a number of s i g n i f i c a n t and 
seemingly untapped data sources, which must surely deserve the 
a t t en t ion of medical geographers i n the f u t u r e . 
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APF13NDIX A 
THE EPIDEWOGRAPH - CONSTRUCTION 
Two large d i e - l i ne copies of the demographic base map -
constructed by a method used by Hunter and Young (196^) - were pasted 
on to two plywood sheets, measuring approximately 45" x 36"• The 
templates of i n d i v i d u a l l o c a l au thor i t i es were then cut out by f r e t saw, 
and the outer r im retained as the 'base l e v e l 1 of measurement (A i n 
Plate l ) . Hardwood s t r ips measuring 18" x 5" x J" were then pinned to 
the corresponding pairs of ' j i g - saw 1 pieces at each ' corner ' , to form 
a r i g i d framework (Plate 5 ( a ) ) . At the same time, a suitable piece of 
backing wood was nai led to the base piece, and a suitable size of hole 
d r i l l e d i n the bottom, to acrcrziodato 5" or 5" donell ing at a l a t e r 
stage. Each framework or 'element' was covered wi th double-weight 
t issue paper, and steam-tightened (Plate 5(b)) before two coats of clear 
dope were applied to provide added strength and tautness. 
The outer box (B i n Plate l ) was constructed from plywood sheeting 
secured to a |-" t h i c k laminated base. The thickness of the l a t t e r was 
to o f f s e t the e f f ec t s of warping induced by the combined weight of the 
40 elements. Hinged side-f laps were also incorporated to enable easy 
access to the lower portions of the i nd iv idua l elements when the model 
was assembled. Pour substantial legs were secured to the base, and the 
necessary s t r u t t i n g provided to render the structure completely r i g i d . 
I n add i t i on , ba l l -bear ing castors were screwed in to the base of each 
l eg to f a c i l i t a t e m o b i l i t y . 
The elements were then assembled inside the box, and precise ly-
located holes d r i l l e d . in the base, to allow f ree passage f o r the dowel 
rods, which had been secured to the base of each element» Aluminium 
col lars w i th suitable t ightening screws were then positioned underneath 
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the laminated base, i n order to regulate the v e r t i c a l movement of 
the i nd iv idua l elements. I n each case, an appropriate scale was 
marked o f f on each rod at in te rva ls of l / l O of an inch, w i t h 
numerical markings at every inch . 
To complete the process of construct ion, a suitable plywood 
top was provided, and each element was painted a neutral grey, i n 
order to obtain the maximum degree of contrast during photography. 
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APPENDIX B - The nature of tuberculosis 
The tubercle bac i l l u s discovered by Koch in 1882 i s a rod-shaped 
organism varying from 1 to 4 / 1 i n length , and from 0.3 to 0.6 i n 
breadth. I n comparison wi th other micro-organisms, i t i s p a r t i c u l a r l y 
s l o t h f u l , being approximately 20 times slower during growth, and 
producing only two new generations i n a day. The bac i l lus ceases to 
grow at temperatures less than 45°F, and has an optimum growth tempera-
ture of 100.4°P. As a parasite i t has no sustained l i f e outside the 
body of the host, although by v i r tue of i t s remarkable res i l i ence , i t 
can survive i n dust f o r considerable periods. (Hewitt & Stewart 1951s 
215, G-loyno 1944:22) Essent-.^lly there are f o u r d i s t i n c t i v e forms of 
the bac i l lus - v i z . a) human, b) bovine, c) avian, and d) strains associ-
ated wi th cold-blooded animals. These various types are not , however, 
mutually exclusive. That i s to say, the human va r i e ty of the bac i l l u s 
can promote tuberculous lesions i n a large number of other animals, 
whi l s t the bovine s t r a in can produce s imi la r lesions i n man himself . 
However, i n general the amount of na tura l transgression i s l i m i t e d : 
bovine bac i l lus accounting f o r no more than 1% of a l l human cases of 
tuberculosis (W.G. Savage 1929). 
^Transmission from one ind iv idua l to another appears to be e f fec ted 
i n the main by droplet i n f e c t i o n ^ f l t h o u g h the p o s s i b i l i t y of i n f e c t i o n 
by inhala t ion of dust par t ic les •containing the bac i l l u s need not neces-
s a r i l y be discounted. j The subsequent entry of the i n f e c t i o n in to the 
body of the v i c t i m takes place by one of f o u r routes - v i z . a) the 
respiratory t r ac t b) the digestive t r ac t c) the skin or d) the gcni to- . 
ur inary t r a c t . However, since the most common form of the disease has 
the lungs as i t s ' n i d u s 1 , ( i . e . ph th i s i s ) the respiratory t r ac t appears 
to be the most frequent route of i n f e c t i o n . 
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Once inside the body, the bac i l lus attaches i t s e l f to a pa r t i cu la r 
t issue - e .g. i n the lung - and produces a lesion' or nodule of 
tubercules, which i s refer red to as the 'primary focus 1 . I f the body 
i s unable to combat t h i s i n i t i a l encroachment, the bac i l lu s spreads out 
to secondary f o c i , which i n turn disseminate the i n f e c t i o n to add i t iona l 
s a t e l l i t e f o c i (Gloyne 1944'-6o). 
Eventually, each ind iv idua l focus becomes sept ic , and produces a 
poison which gradually passes in to the blood stream. I t i s t h i s process 
of poisoning and resul tant fever which f i n a l l y causes the death of the 
v i c t i m . (Bridge 1903:32) 
Considering the remarkable un i fo rmi ty i n the virulence of the 
b a c i l l u s , both i n time and space, i t i s quite remarkable how tuberculosis 
of the lung (ph th i s i s ) i s such a variable disease, i n both i t s resul tant 
e f f e c t upon an i nd iv idua l and i t s c l i n i c a l course. Indeed, whereas one 
pa r t i cu l a r i nd iv idua l may experience sustained periods of intimate 
contact w i th a known i n f e c t i v e case, and apparently f a i l to contract even 
a mi ld c l i n i c a l manifestat ion of the disease; another subject may be 
reduced quite r ap id ly to a terminal tuberculous state as a resu l t of a 
r e l a t i v e l y b r i e f period of exposure. Nevertheless, i t must be remembered 
that most indiv iduals i n a pa r t i cu la r community eventually succumb to 
primary i n f e c t i o n by the tubercle b a c i l l u s , although, of course, the vast 
major i ty of these cases do not progress beyond t h i s i n i t i a l stage. I n 
f a c t , the work of . Dahlberg concerned wi th the incidence of tuberculosis 
i n Sweden seemed to indicate that up to 95^ of the population sooner or 
l a t e r became tubercul in pos i t ive , although "under the social conditions 
existent i n Sweden t h i s occurs i n many cases w e l l on in to adult l i f e . " 
(Dahlberg 1949:222) Similar conclusions were reached by Naegeli, working 
i n Switzerland, who observed that i n a sampled population ' f l f i had been 
previously in fec ted . 
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The age-specific regime of tuberculosis m o r t a l i t y i s character-
ised by a double maxima, consist ing of an i n i t i a l r i s e during early 
infancy, fol lowed by a more s i g n i f i c a n t peal: during adult l i f e . The 
period of least i n f e c t i o n and mor ta l i ty f o r both sexes i s during the 
l a t t e r stages of school attendance, when a temporary state of r e l a t i v e 
equi l ibr ium i s reached. I n the case of the adult maximum, peak incidence 
occurs during the 15-24 age group f o r females, as opposed to the 55~64 
age group i n the case of males (Jessop 1955:75)- This apparent anomaly 
has been explained i n terms of basic physiological d i f ferences , as w e l l 
as differences i n working condit ions. As Dahlberg comments, "One gains 
the impression that puberty plays a decisive part i n the f a c t that women 
have a more rapid r i s e of the death ra te . Whether or not hormonal 
readjustment taking place at t h i s time makes any d i f f e r ence , or whether 
the causative fac to r underlying the increase i s the beginning of work, 
i t i s at present impossible to decide." (Dahlberg 1949:2^4) 
As may be seen from tables 1 and 2, there i s also a considerable 
d i f f e r e n t i a t i o n between the sexes i n terms of t o t a l incidence of ph th i s i s . 
Indeed, the absolute number of deaths from the disease i n County Durham 
f o r the period 1963-6 v ' a s o n average 4*7 times higher f o r males than f o r 
females: a f i gu re which, i f expressed at a sex-specif ic r a t i o , i s 
increased to 4«92. 
TABLE 1. - Respiratory T.B. M o r t a l i t y i n Co. Durham, 1963-66. 
A R E A MALES FEMALES RATIO 
(M / F) 
County Boroughs 124 30 4.1 
Urban D i s t r i c t s 143 27 5.3 
Rural D i s t r i c t s 78 16 4.9 
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TABLE 2. - Respiratory T.B. N o t i f i c a t i o n s i n Co. Durham, 1963-66. 
A R E A MALES FEMALES RATIO 
F e l l i n g U.D. 'S 
Hebburn U.D. l 276 I64 1.6 
Jarrow M.B. J 
Sunderland C.B. 249 153 1.6 
As f a r as the n o t i f i c a t i o n of new cases i s concerned, the sex di f ference 
i s not quite so dramatic, although there i s s t i l l a s i g n i f i c a n t excess 
of male n o t i f i c a t i o n s . 
C o l l i s (1923) observed tha t the i n d u s t r i a l i s a t i o n of a par t i cu la r 
community had a profound e f f o r t upon the levels of phthis is m o r t a l i t y , , 
as w e l l as promoting changes i n the age d i s t r i b u t i o n of cases. With the 
onset of i n d u s t r i a l i s a t i o n , the peak incidence f o r both males and 
females tended to occur i n early adult l i f e , associated i n a l l p r o b a b i l i t y 
w i t h the overcrowded working condit ions, as a resu l t of the i n i t i a t i o n 
of fac tory employment. "The inroads of the tubercle bac i l l u s on. the 
world of men migrating from green f i e l d s to murky town can be read i ly 
imagined." (Gloyne 1944:98) However, as society became more adjusted 
to the i n d u s t r i a l age, and both l i v i n g and working conditions improved, 
i n response to the r ise i n rea l earnings, the period of peak incidence, 
at least f o r males, reverted gradually to l a t e adult l i f e . 
Stocks and Karn (1931:350) discovered that although the phthis is 
m o r t a l i t y rate f o r England and Yfales had been decl in ing quite r ap id ly 
from the l a t e nineteenth century onwards, the geographical v a r i a b i l i t y 
of the disease remained surpr i s ing ly h igh . For England and Wales, the 
standard deviation of tuberculosis m o r t a l i t y rates calculated by county 
was found to be over two times the value f o r cancer m o r t a l i t y . This 
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considerable spa t ia l v a r i a b i l i t y displayed by phth is i s strongly 
supports the general hypothesis that the incidence of tuberculosis 
i s p r imar i ly determined by the in te rac t ion of pa r t i cu la r environmental 
f a c t o r s , rather than by purely hereditary f ac to r s . 
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APPENDIX C - Previous work on the causation 
of tuberculosis 
Dr. John Snow, over one hundred years ago, conimented tha t , "the 
causes of phthis is are involved i n great o b s c u r i t y . . . " , (Snow, 1 8 5 5 * 2 0 
although " i t i s most l i k e l y that the m o r t a l i t y at every period of l i f e 
i s influenced more by the habi ts , occupations and pecuniary circum-
stances of the people than by any other causes." (Snow 1 8 5 5 : 2 1 ) 
Despite the great advances i n both medicine and social hygiene that 
have taken place since the l a s t century, the controversy between heredi-
ta ry and environmental causation s t i l l continues; and the ro le of 
pa r t i cu la r environmental fac tors i s s t i l l very much a matter of conjec-
ture . 
a) Heredity or environment? 
The work of Y/right and Lewis ( l92l) , and Lurie (1941) concerned 
wi th guinea pigs and- rabbits respect ively, appeared to prove tha t i t 
was possible to produce d i f f e r i n g degrees of resistance to tuberculosis 
i n f e c t i o n , by select ive breeding; although these differences were n u l l i -
f i e d under conditions of high dosage of i n f e c t i o n . These f ind ings 
appeared to lend support to the work of Pearson (1907), who discovered 
tha t , whereas i n the case of both parents (human) being tuberculosis 
over 57$ of the o f f s p r i n g contracted a c l i n i c a l form of the disease^ 
only 29$ of the o f f s p r i n g became over t ly tuberculous where only one 
parent was a known case. However, as Anderson comments, t h i s apparently 
s i g n i f i c a n t d i f ference could merely r e f l e c t inherent differences i n 
l i v i n g conditions (conducive to tuberculosis) between the two types of 
household, and thus "we lack d e f i n i t e evidence that a hereditary f a c t o r 
plays a predominant part i n the development to tuberculosis i n humans." 
(Anderson et a l i a , 1957:2). 
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A preoccupation with the most obvious lines of i n f e c t i o n ( i . e . 
i n t r a - f a m i l i a l ) has inevitably led. to the considerable overotressing 
of hereditary factors i n the causation of the disease. Indeed as 
Laidlaw (1949) noted i n Glasgow, of 2,829 cases of pulmonary tubercu-
l o s i s n o t i f i e d i n 1949* only 509, or 18$, had ever l i v e d i n the same 
household as a known tuberculosis case. Consequently, i t may be more 
appropriate to regard heredity as merely a predisposing f a c t o r , which 
renders particular individuals susceptible to i n f e c t i o n , and which i s 
subsequently modified through the action of environmental conditions 
(Gloyne 1944:28; Dubos & Dubos 1953:115). 
b) Environmental factors 
As has already been mentioned above, i n such a complev web of 
causation, i t i s exceptionally d i f f i c u l t to isolate elements from the 
network. Nevertheless, f o r ease of comprehension, the major results 
and conclusions concerning each of the important causal factors have 
been collated below under separate headings„ 
i ) Overcrowding. 
Bradbury noted that i n Tyneside "overcrowding was indictable beyond 
reasonable doubt as a factor of d e f i n i t e importance." (Bradbury 1933:18) 
This observation was subsequently supported by the work of Anderson et 
a l i a (1957:2) and Stein (l952:9) who found that "the most consistent and 
largest associations of tuberculosis mortality v/ere those w i t h ordinary 
overcrowding". On the other hand, D'Arcy Hart and Wright c r i t i c i s e d the 
overcrowding index as too a r b i t r a r y and being located too near the 
worst extreme of the density scale, and suggested that housing density 
was a more appropriate factor, since, " i n a droplet-borne disease such 
as p h t h i s i s , closeness of personal contact between a l l members of the 
community i s a more relevant consideration." (D'Arcy Hart and V/right 
1939:119) 
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Moro recently, the findings of fle.vitt and Stewart (1951*222) 
derived from an investigation of the incidence of tuberculosis in the-; 
Northampton boot and shoe industry appeared to indicate that "although 
there i s a d e f i n i t e association between r i s k of tuberculosis and numbers 
of persons working together, there i s no perceptible association between 
r i s k of tuberculosis and over-crowding." 
i i ) Urbanisation. 
As early as I856 Johnston noted that " I t (con3uir.ption) i s uniformly 
more f a t a l i n c i t i e s than i n the country: i n England the excess i n c i t i e s 
i s equal to 25^ . " (Johnston 1856:62) This si g n i f i c a n t difference (at 
least i n the case of males) Snow at t r i b u t e d solely to "indoor employ-
ments... as contrasted with the exercises i n the open a i r of the country." 
(Snow 1855:24) 
Almost one hundred years l a t e r , Dahlberg recognised a similar 
association between urbanisation and tuberculosis, i n quite a number of 
European countries. However, he concluded that since a substantial sex 
d i f f e r e n t i a l was involved, the causal factor was not i n f a c t urbanisation 
i t s e l f , but another closely related variable (Dahlberg 1949) . Nevertheless, 
McDonald (1952:263) s t i l l considered that "Frequent close contact w i t h 
many people over long periods seems to be the most l i k e l y f a c t o r , and 
presumably acts by increasing.the r i s k of exposure to i n f e c t i o n and 
r e i n f e c t i o n . " 
Terris (1948) , on the other hand, proposed the hypothesis that the 
excess of tuberculosis mortality i n urban areas was due to the increased 
tension and overstrain incurred by p a r t i c u l a r individuals i n an e f f o r t 
to adjust t o the changing urban environment. As Bridge (1903:73) 
comments, "Mental worry and discouragement lower v i t a l i t y and so i n v i t e 
the disease ... Overstimulation (also) plays a part i n causation. In 
2 a o 
our intense l i v e s vie can hardly avoid over stimulating i n some d i r e c t i o n , 
at some time." However, t h i s hypothesis was subsequently questioned by 
the findings o f Dubos and Dubos, who noted that the urban areas of the 
country were i n fact experiencing the most marked decreases i n both 
n o t i f i c a t i o n and morta l i t y rates f o r tuberculosis. 
i i i ) Race. 
Race, as a d i s t i n c t causal factor i n tuberculosis, i s only rar e l y 
mentioned i n standard texts on the disease, and on2y i n two out of some 
70 references consulted was the topic considered i n any d e t a i l . Springett 
et a l i a (1958:140) i n studies of immigrants i n the Birmingham area, d i s -
covered that the disease was twine as prevalent amongst Irish-born, and 
f i v e times as prevalent amongst Asian-born immigrants, as p^nngst the 
indigenous population. The explanation of the former was given as the 
a r r i v a l or uninfected young adults into considerably more infectious 
circumstances. On the other hand, the high prevalence amongst the l a t t e r 
was most probably due to the immigration of considerable numbers of 
Asians already having the i n i t i a l stages of the disease. In support of 
these observations, Bradbury also noted a substantial excess of tubercu-
l o s i s amongst the I r i s h families of Tyneside, and i n par t i c u l a r at Jarrow. 
(Bradbury 1933:58) 
i v ) Occupation. 
Quite apart from the factors of urban employment and overcrowding 
due to the i n i t i a t i o n of factory working, there s t i l l appear to be a 
d i s t i n c t group of occupational hazards which have been invoked as factors 
i n the causation of tuberculosis. One such hazard i s dust; v a r i e t i e s of 
which are associated with industries such as coalmining ( C o l l i s 1924, 
D'Arcy Hart et a l i a 1942) , glass working (Sutherland 1923) and p r i n t i n g , 
a l l of which display p a r t i c u l a r l y high prevalence rates f o r phthisis. 
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" I t i s poasiW.C! that a dust may l i g h t up an antecedent smouldering 
tuberculosis, but i t i s more probable that i n most cases the tubercule 
b a c i l l u s has become inplanted upon an already existing dust f i b r o s i s . " 
(Gloyne 1944:102) 
v) Social class. 
Unfortunately i n the United Kingdom and Northern Ireland i n v e s t i -
gation into the relationship between social class and tuberculosis can 
only take i n t o consideration the male population, since appropriate data, 
r e l a t i n g married women to the occupations of t h e i r husbands, have not 
yet been collated. Nevertheless, Merrett, i n his study i n Northern 
Ireland between 1949 and 1953, succeeded i n discerning important d i f f e r -
ences between the social classes i n respect of mortality frmn respiratory 
tuberculosis. Rather surprisingly, social class IV (semi-skilled) had a 
comparable m o r t a l i t y rate to classes I and I I combined (professional and 
intermediate respectively). On the other hand, class I I I ( s k i l l e d ) 
experienced approximately double t h i s r ate; w h ilst class V (unskilled) 
had twice the rate f o r class " I I I . (Merrett 1959il6o). Similar results 
were obtained by Benjamin (1953) i n London, who noted a close association 
between the proportion of the population i n social class V and the l e v e l 
of tuberculosis mortality. 
However, i t must be remembered that t h i s type of d i f f e r e n t i a l i s 
subject t o the l i m i t a t i o n s of the i n i t i a l d e f i n i t i o n s of social class 
used, and as such i t must be regarded only as an approximate ind i c a t i o n 
of the true s i t u a t i o n . 
v i ) Housing. 
Poor housing, as a predisposing factor i n the transmission of 
tuberculosis, has been invoked by a number of workers, despite the 
inherent d i f f i c u l t y of objective d e f i n i t i o n . Prominent amongst these 
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workers was Stoin, who concluded from her work i n Glasgow that "...housing 
conditions form the largest single factor i n the 'complex' (of causation)." 
(Stein 1952:2) In addition, Bradbury, working in Tyneside, noted a f a r 
greater concentration of tuberculous families i n areas of sub-standard 
or 'insanitary' dwellings than would have been expected due to accidents 
and errors of sampling. (Bradbury 1933:48) 
v i i ) N u t r i t i o n . 
Although t h i s factor i s suggested as a possible causative factor 
by many writers (e.g. Snow 1855, D'Arcy Hart & Wright 1939, and Stein 
1953)> i t i s rarely considered i n any d e t a i l . This i s again probably due 
to the d i f f i c u l t i e s associated with the i n i t i a l d e f i n i t i o n of indices 
and the collecting of the relevant data. 
Bradbury (1933) observed that i n Jarrow and Blaydon there was a 
substantially greater incidence of undernourishment amongst tuberculous 
families i n comparison to those which were apparently free from tubercu-
l o s i s . Moreover, i n an analysis of the undernourished families i t was 
discovered that 21.1$ were free from sickness; 29.6$ had sickness other 
than tuberculosis; and 43*7$ were tuberculous. This suggested that under-
n u t r i t i o n v/as not merely a predisposing factor f o r disease i n general, but 
was of pa r t i c u l a r relevance to the causation of tuberculosis. Indeed of 
the three hypotheses capable of explaining the apparent association, only 
one "that undernutrition causes tuberculosis" (p.39) was deemed t o be con-
sistent v/ith the observed f a c t s . In p a r t i c u l a r , the shortage of fresh 
milk i n the d i e t , and the subsequent substitution of condensed milk, was 
regarded by Bradbury "as being more important than shortage of the other 
food-stuffs studied i n predisposing to tuberculosis i n an urban popula-
t i o n . " (p. 41) 
An investigation by Orr and Gilks (193-1) into the health of two 
African tribes also supported the theory of n u t r i t i o n a l causation. I t 
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was shown that the incidence of phthisis was many times greater amongst 
the predominantly vegetarian Akikuyu than among the meat-eating Masai. 
v i i i ) Poverty. 
Like n u t r i t i o n and housing, t h i s particular factor i.'; d i f f i c u l t 
to define objectively; except of course i n terms of real income, which 
i s i n i t s e l f a rather unsatisfactory measure. Thus once again one i s 
forced to consider rather i n d i r e c t expressions of poverty i n r e l a t i o n 
to the causation of tuberculosis. However, Bradbury (1933539) was con-
vinced that " i t i s not the mere abstract state of poverty which causer, 
tuberculosis, but rather the consequences or accompaniments of poverty." 
Indeed many of these 'consequences' have already been considered - v i z . 
overcrowding, housing, n u t r i t i o n and socio-economic class, etc. - although 
the measure of influence that poverty er.erts through each in d i v i d u a l 
factor i s as yet unkno7m. 
ix ) Physical factors of the environment. 
Originally, the physical environment was deemed to have a s i g n i f i -
cant effect i n causation. Johnston (I856), f o r example, i n an analysis 
of m i l i t a r y mortality tables concluded that "Consumption i s more 
prevalent i n t r o p i c a l than i n temperate countries." Moreover, i n support 
of the hypothesis that the incidence of the disease decreased w i t h 
f a l l i n g temperature, he quoted the work of Fuchs (1853), which seemingly 
indicated "That i n Northern Europe, i t is most prevalent at the l e v e l of 
the sea, and that i t decreases with increase of elevation to a certain 
point. At Marseilles, on the other hand, the m o r t a l i t y from t h i s cause 
i s 25$; at Oldenburg 80 feet, above the sea, i t i s 30$; at Hamburg, 48 
feet above the sea, i t i s 23$; while at Eschv/ege, 496 feet above the sea, 
i t i s only 12$.; and at Brotterode, 1,800 feet above the sea, 0 .9$". 
(Johnston 1856:61) 
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However, by the turn of the century, the ro.'i.e of socio.! and 
economic factors, together v;ith hereditary consideration, was unquestioned 
so much so that Bridge (1903J75) declared that "cldjaate exercises l i t t l e 
or no protective influence over the individual against the acquisition 
of tuberculosis." 
Nevertheless i t i s perhaps unwise at t h i s stage to discount 
altogether the possible influences that particular elements of the 
physical environment may be exerting on the incidence and mor t a l i t y rates 
of tuberculosis,, This i s p a r t i c u l a r l y relevant i n the case of a i r 
p o l l u t i o n , where s i g n i f i c a n t causal relationships have been proved to 
exist between t h i s factor and the prevalence of many respiratory d i s -
orders, including respiratory tuberculosis (see in. particular Daly. 
1959; Pairburn and Raid, 1950; Laidlaw, 1960; Pemberton and Goldberg, 
1954)* In particular the results of Daly are extremely s i g n i f i c a n t * 
I n a study of the 63 County boroughs of England and Wales, he discovered 
that a f t e r Bronchitis and pneumonia, phthisis exhibited the highest degree 
of association between respiratory diseases and domestic a i r p o l l u t i o n 
(Daly 1959:16). 
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APPENDIX D. 
DEPENDENT VARIABLE - NOTIFICATION RATES FOR RESP. TUBERCULOSIS, 1961-65 
INDEPENDENT VARIABLES - 1. DENSITY PER ACRE 
2. SOCIO-ECONOMIC GROUP 3 
3. SOCIO-ECONOMIC GROUP 5 
INTERCORRELATIONS OF INDEPENDENT VARIABLES WITH DEPENDENT VARIABLES 
RYU)* 6.89651E-01 RVI2I> 6.2082BE-01 RY13I- 5.75301E-01I 
REGRESSION COEFFICIENTS 
BNI1 I * 8.949076-02 BNI2I- 8.07B20E-02 BMI3I' 1.39B40E-D1I 
STANOARD DEVIATIONS OF HEGRESSIUN COEFFICIENTS 
S B I I I > 5.16549E-02 S B I 2 I - 2.8T3T7E-02 S B I 3 I " B.440llE-02£ 
STUDENT T VALUES 
T T t l l - l.7324TE*D0 TT121- 2.81100E»00 T T I J l • 1.65685E*00i 
INTERCEPT • -16.023 
MULTIPLE CORR. CQEFF. 0.765 
STAND. ERROR OF ESTIMATE 12.987 
SUMS OF SQUARES 
ATTRIB. TO REGRE. 8541.262 
DEGREES OF FREEDOM 
ASSOC KITH SSAR. 3.000 
MEAN SQUARE OF SSAR 28*7.087 
SUMS OF SQUARES OF DEV. 
FROM REGRESSION SSDR 6071.7B5 
DEGREES OF FREEDOM 
ASSOC. KITH SSDR 36.000 
MEAN SQUARE OF SSRO 168.661 -
F VALUE 16.881 
ESTIMATED NOTIFICATIONS FOR RESP. TUBERCULOSIS, 1961-65 CALCULATED BV MULTIPLE 36GRE SS1 UN 
DEVI1I' 4, 
DEVI6I- 2. 
0EVI11I> 2 
0EVI16>= 5 
0EV(21I> S 
0EVI26)' 3 
DEVI31)- 1 
DEVI36)- 2 
749686*01 
8466BE*01 
560Q9E*01 
.09854E*01 
.874756*01 
.622806*01 
.630B7E*0l 
51532E*0l 
DEV12I-
0EVI7I-
0EV(12I= 
0 6 V I 1 7 I -
0EVI22I-
DEVI27I-
D6VI32I° 
DEVI37I-
6.02926E*01 
3.744126*01 
3.43552E*01 
5.7 7640E*0l 
2.85935E*0l 
4.B2923E+D) 
95808E*01 
2.091BOE*01 
DEVI3I= 
D6V<8I= 
0EVU3I' 
DEVI1BI: 
0EVI23I' 
DEVI2BI • 
0EVI3JI' 
0EVI38I' 
8.2B153E+01 
3.33421E+01 
4.189476*01 
| 5.92053E*0l 
4.034266*01 
' 2.814D9E»01 
' 1.73912E*01 
' 1.75700E*0I 
DEVI4I= 
DEVI9I-
DEVI141= 
DEVI 191^ 
DEVI241 • 
DEVI29)= 
DEVI 34)• 
DEVI39I 
5.83225EI01 
3.77259E»01 
?.71964E<01 
2.713556*01 
).782486*01 
3.B5732E*01 
1.97523E*01 
i.-.9444E*01 
DEVI 5) = •>. 
DEVI 101= I 
DEV(15)= I 
0 t V ( ? 3 l = l 
DEVI," , I = I 
DEVI 301= i 
UbVI 151= 2 
aEVI",3l= ? 
1J160E*U1 
. ; B 7 9 3 E * 0 1 
. 1 6 i 3 9 E 0 1 
.74>'946*01 
. I179<,E*UI 
•49771E»U1 
.55247E*'J1 
.215646* i l l 
REGRESSION RESIDUALS 
Zl 11 — 1.04 9686*01 Z I 2 I " 1.77073E*D1 Zl31 —7.81536E»00 Zf41 = -7.3?255E*00 
ZI6)—8.4668B6*00 Z1T)>-1.644126*01 Z I B ) " 6.6578BE*D0 Zl 91 —1.72596E»00 
Z l l l l —1.60092E*00 2 I 1 2 I > 9.644776*00 ZI13)» 1.05270E-01 Z (141 — (.. 1 96456*00 
11161- 2.20145E*01 Zl 17)—2.17640E*01 Z I I 8 I * 2.97946E+01 Z( 19) — •(. 1 35526*00 
21211- 2.325246*01 Z I 2 2 I - 7.406406*00 l(23)--1.13426E*01 Zl 2 4 1 — 1 . 1824BE.01 
ZI261—2.280276-01 Z127I--1.129236*01 Zl 28 1—2. 114096*01 Z I 2 9 I ' '.426786*00 
ZI31I—3.308796*00 Z I 3 2 I - 3.41914E*00 ZI33)> 4.60879E»00 £114)- 7.2476BE*0D 
Zl361—6.153286*00 ZI37I> 1.0B19BE*00 ZI 381--2.570086*00 Z I 3 9 I - I..105556*01 
99 
zisi=-a.4'ii6bi:toi 
21101= l . > 3 ? u 6 E * 3 l 
ZI 15)= 7 . J J6J7E» ' j :> 
ZI2ai= - 3 . . 9 ' l 4 2 E»00 
Z I 2 5 l = - l . l | 7 9 6 E » 0 1 
ZI10I= 3.J2288E*'J0 
Z ( 3 5 l = 4 . ' . I J 2 0 E * 0 J 
ZI40I= l . i l i t J I E O U 
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